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PREFACE. 


Vorcme I of this series of reports is required by the specifica- 
tions of the law of publication to embrace a general and systematic 
presentation of the geological structure of the state and the history 
of its formation, together with other matter whose preparation can 
oniy be advantageously completed after all special and detailed 
investigations have been finished. Certain portions of it have been 
for sone time ready for the press, and the preparation of others 
is in an advanced condition; but the final completion and publica- 
tion cannot well take place tiil the three other volumes of the 
proposed series are finished. Volume II was issued in the fall of 
1877. A second edition was ordered by the legislature which next 
convened, and was issued the following summer. This volume 
related to the geology of the eastern, central and southwestern 
portions of the state, and was accompanied by an atlas of maps 
covering the region reported upon. 

The original plan of publication contemplated the gathering of 
the reports upon the western and extreme northern districts together 
to form the third volume. This plan was followed until about 
half of the volume was set up and stereotyped, when it was found 
that the satisfactory completion of the plates of fossils that were 
to accompany the volume would require considerable more time 
than was anticipated, and that the appearance of the volume would 
be correspondingly delayed, unless the work was unduly hastened 
at the expense of excellence of execution. As it was desirable that 
the reports upon the iron regions should appear as early as possi- 
ble, the remaining manuscript which was intended for that volume, 
and which related to the iron and copper-bearing series of the 
northwestern part of the state, was combined with the report on the 
Menominee iron region to form the present volume, leaving the 
one previously begun to be completed by the addition of other 
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matter, and to constitute Volume IV. This explains a little irregu- 
larity in the numbering of the plates, some of which had been 
completed before the change was determined upon. It is thought 
that this change, by bringing together the reports on the iron and 
copper-bearing formations, may prove, on the whole, as acceptable 
rs the original plan. 

The atlas accompanying this volume embraces maps of the entire 
area reported upon, and in addition, some territory that will be 
described in Volume IV. The sheets are numbered consecutively with 
those of the atlas accompanying Volume IT, the hope being that when 
the series is completed, the whole will be bound together. 

As many ingniries have been addressed to me concerning the best 
method of mounting the maps for nse and preservation, it may be 
serviceable to makea few suggestions on that snbject. It may be 
remarked, at the outset, that a different size might have been chosen 
but for the requirement of the organic law of the survey, that all the 
geological formations of the state should be represented on a single 
map. The smallest scale upon which this can be successfully accom- 
plished is 15 miles to the inch. The sheets of the atlas have the size 
requisite for such a map, and No. 1 of the series, when completed, 
will show, on the smallest practicable scale, all the rock formations of 
the state. On other maps of the same scale, and having the same 
geographical basis, it is proposed to show the drift formations and 
other general features. In addition to the advantage of having sheets 
large enough to present maps of the whole state on an available scale, 
the sectional areas on a larger scale for the more accurate mapping of 
the geological details are fewer in number, and, in the aggregate, less 
expensive, and present the formations in a more connected manner 
than would have been possible had a smaller size been adopted. So 
that, on the whole, the size of the atlas, although somewhat inconven- 
iently large, will not be found altogether disadvantageous. 

The size of the atlas, however, may be reduced one-half by binding. 
To do this the right and left halves of the sheet should be folded 
together face to face and fastened by strips or stubbs along the back. 
As more or less of damage to the edges of the sheets is incident to 
the handling of the atlas in distribution, a liberal margin has been 
allowed for trimming. If the atlas is bound before the series is com- 
plete, allowance should be made for sheets that will yet beadded. Nos. 
I and II of the atlas accompanying Volume II] were purposely left 
vacant to be supplied by the general maps above mentioned, which, 
when completed, will most appropriately stand at the commencement 
of the atlas. The number of these may, however, be increased to five 
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or six, and it would be prudent to leave the latter number of stubbs 
vacant at the beginning of the atlas, and perhaps fifteen at the close 
for sheets to be added in connection with Volume LY. 

A renewed expression of indebtedness is due to numerous citizens 
and corporations for their kindness in rendering aid in various ways 
in the prosecution of the work. In addition to the more specitic 
acknowledgments that have been made in the annual reports and in 
other appropriate ways, the corps desire to tender this general expres- 
sion of their appreciation of the numerous courtesies of which they 
have been the recipients. It is fitting, also, to make special mention 
of such assistance as has been directly contributory to this volume. 
Prof. Raphael Pumpelly not only very gencrously examined the sur- 
vey collections uf crystalline rocks from the copper-bearing series, but 
contributed, without compensation, the report on the lithology of these 
rocks found in this volume. The eminence of his authority on this 
series lends great value to this report. 

In like generous manner, Dr. A. Wichmann of Leipsie examined 
microscopically for Maj. Brooks a large collection of characteristic 
Huronian rocks from the region south of Lake Superior and contrib- 
uted a full report of his results, which constitute Chapter V of Maj. 
Brooks’ report. These examinations will be found of much interest 
and value to lithologists. 

Some special lithological examinations of the same specimens have 
also been kindly made by Messrs. Samuel Allpert, Frank Rutley, A. 
E. Térnebohm, I. Zirkel and err Wapler, of Europe, and by Geo. J. 
Brush, J. D. Dana, G. W. Ilawes, A. A. Julien and T. Sterry Hunt, 
of this country, which deserve the appreciation of all interested in 
Huronian — and indeed any series of metamorphic — rocks. 

The leading contributors to the report are Prof. R. D. Irving, who 
prepared Parts I and III, Prof. Pumpelly, who contributed Part IT, 
as above stated, Mr. C. E. Wright, who furnished Parts ITV and 
VIII, Mr. E. T. Sweet, who wrote Part V, Maj. T. B. Brooks, who 
prepared Part VIT, and the writer, who collated the observations of 
the late Mr. Strong, forming Part VI. 

The larger portion of the maps were drawn under the direction of 
the lamented Prof. W. J. L. Nicodemus and his associate, Prof. A. 
D. Conover, but several were also executed by other parties, to whom 
due acknowledgment is made elsewhere. 

The chemical analyses are duly accredited wherever quoted in the 
report. Mr. I. M. Buell has rendered valuable assistance in proof 
reading and indexing. Mr. I*. J. Knight has read the proof of Maj. 
Brooks’ report. 
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The printing has been done by David Atwood, of Madison. The 
lithographical work by Messrs. Seifert & Shoeffel, of Milwaukee, and 
tle wood cuts by Messrs. Marr & Richards, of Milwaukee; all Wis- 
consin firms. Their work speaks for itself. 

| T. C. C. 

BEtort, October 29, 1879. 
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INTRODUCTION, 


In the preceding volume — the only one previously issued in 
connection with the present survey — the eastern, central and south- 
western portions of the state received consideration. The forma- 
tions there brought under review were mainly the limestones, 
sandstones and shales of the Paleozoic scries; though the quartzites, 
porphyrics and granites of central Wisconsin were important sub. 
jects of discussion. It was originally planned that the ncighboring 
Paleozoic area, which lies adjacent to the upper Mississippi, together 
with the description of fossils and the crystalline formations of the 
northwestern part of the state, should constitute the subject-matter 
of Volume III. But practical obstacles intervening, the arrange- 
ment of matter found in this volume was adopted instead. While 
less consecutive geographically, the present collocation possesses 
greater geological unity and practical convenience. The Huronian, 
or Iron-bearing series, and the Keweenawan, or Copper-bearing 
series, constitute the central subjects of study. The adjacent and 
underlying Laurentian rocks, because of their close relations to 
these formations, receive passing attention, anj the overlying 
Silurian strata and the still more recent drift deposits are discussed, 
so far as they are included in the regions described; but these 
subjects are little more than accessory to the central themes of the 
volume, the two great metalliferons formations. The deep practical 
interest that attaches to these formations will, it is hoped, be best 
subserved by gathering into a single volume the several discussions 
relating to them; while the scientific study of the formations and 
of the probleins that arise concerning them will likewise be facili- 
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tated by the close grouping and simultaneous presentation here 
afforded. 

The areas embraced are the extreme northwestern and northeastern 
portions of the state. The former constitutes a considerable area 
bordered by Lake Superior on the north and Minnesota on the west, 
and included mainly within the counties of Ashland, Bayfield, Doug- 
las, Burnett and Polk. The latter isa more limited area in what, 
until recently, has been the northern part of Oconto county, but now 
belongs, in part, to the recently formed counties of Marinette and 
New. 

The former region was investigated by Messrs. Irving, Sweet, 
Wright and the lamented Strong; the latter by Messrs. Brooks and 
Wright. Such field investigations as have been made by myself in 
the several districts have been merged with those of my associates. 
The special field examined by Prof. Irving is embraced in Ashland 
and eastern Douglas counties; that of Mr. Sweet, in western Bayfield 
and Douglas counties; that of Mr. Strong, mainly in Polk and 
Burnett counties, while Mr. Wright made a special examination of 
the Penokee Range westward from the Gap to its termination. In 
the northeast, Major Brooks investigated the region adjacent to the 
upper Menominee and lower Pine and Drule rivers, as far west as 
the middle of Town 17 E. Mr. Wright, in addition to association 
with Major Brooks in the survey of this area, reconnoitered the 
adjacent territory to the west and south. The precise limits and 
relations of these districts may be best seen by consulting the 
accompanying sketch map. 

The order of arrangement of the several reports upon these dis- 
tricts is thought to be such as best to present the whole subject- 
matter. The district of Prof. Irving embraces representatives of all 
the great formations described in the volume, and these, furthermore, 
in their simplest form and relations. His report, therefore, best 
introduces the reader to the salient characteristics of the whole 
geological series treated in the volume, and so it most appropriately 
stands at the beginning. The other reports follow in the order 
which their geological and geographical relationships seem to 
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demand. This order has obviously no reference to the inherent 
merit or interest of the several reports. 

It had been the purpose of the writer to briefly discuss some gen- 
eral questions relating to the suljects embraced in the report, but 
the size to which the volume has already grown compels its post- 
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GEOLOGICAL STRUCTURE OF NORTHERN WISCONSIN. 


It is proposed to give here a bricf account of the main features of 
the rock structure of that part of Wisconsin which borders on Lake 
Superior, as determined by the labors of those members of the geological 
corps who have made examinations in that region. The writer having 
advanced, at the close of the first ficld season of the survey, a theory of 
the structure of this region which has in its essentials stood the test of 
all later investigations by himself and others, it is thonght not improper 
that the task of making the following summary should be assigned him, 
although his own examinations have embraced the northeastern portion 
only of the district in question. Ie had at one time designed to give, 
in this connection, a resumé of the results obtained in the Lake Supe- 
rior country by other geologists up to the present time, and to offer 
some generalizations with regard to the structure of the whole Lake 
Superior trough, and the origin of the formations included in it. Fur- 
ther study, however, of his own results, and of the reports of others, has 
convinced him, both that such an attempt would be premature, and that, 
from want of personal acquaintance with different parts of the region, 
he is not in a position to raise such generalizations sufficiently above 
the grade of speculation to allow of their introduction into a report of 
this character. 

There is no other region of equal area in North America, east of the 
great cordilleras, that surpasses this in geological interest, whether we 
consider the magnitude of the formations involved, the difficulties in 
the problems offered for solution, or the unique character of one of its 
great rock systems. Moreover, there is none which has been s0 in- 
adequately studied. We have here, in a region some seventy thousand 
square miles in area, to deal with a series of strata measuring probably 
over one hundred thousand feet in thickness, and including four great 
systems, each unconformable with regard to its predecessor; besides 
which there is an extraordinary development of the Quaternary de- 
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posits — both of the glacial drift and of the more recent lacustrine sedi- 
ments. Of the four great systems alluded to, the Laurentian, Huronian, 
Keweenawan, and Lower Silurian, much the greater part is made up of 
erystalline rocks of very many different kinds. From the comparative 
newness of the microscopic method of investigation, it follows that the 
nature of these rocks, often too fine-grained for macroscopic study, is 
only partially known. The Keweenawan series, alone, includes many 
miles in thickness of immense flows, each comparatively thin, of 
eruptive rocks, which the earlier geologists were content to know as 
“trap.” These extraordinary beds, the earliest true and extended flows 
of once molten rocks of which we have any knowledge, have recently 
been studied, both stratigraphically and microscopically, by Professor 
Pumpelly, to whose admirable work we are indebted for a great ad- 
vance in our knowledge with regard to them. When such detailed 
work as his, and that of other members of the Michigan survey, shall 
have been extended over the whole Lake Superior trough, we may hope’ 
for some satisfactory generalizations. There is no region in the United 
States which stands more in need of minutely detailed work, and none 
where such work meets so great difficulties as are here encountered. 
For the most part it is unbroken wilderness, and is everywhere covered 
with the densest of evergreen forests, traveling in which is to the last 
degree difficult, and in which no estimates as to distances and relative 
positions of ledges can be at all relied upon. 

Theories enongh have been advanced with regard to the origin and 
age of the Lake Superior formations, and the structure of the trough, 
not a few of which have crept into the text-books and other standard 
works. Most of these are but hasty generalizations, and the best of 
them are influenced by that extraordinary system of geological dynamics, 
so prevalent a few decades ago, which regarded all massive rocks, in- 
cluding even quartzite — and sometimes even candstone — as intrusive, 
and looked upon all dislocations and metamorphism, even where regional, 
and affecting strata thousands of feet in thickness, as but the natural 
results of the “outbursts ” of “trap.” These outbursts, so far as I can 
understand the idea, were often of already solidified rock, in whose 
passage to the surface were formed by “friction” the great conglom- 
erate beds of the region, and by whose protrusion sediments thousands 
of feet in thickness were tilted on end and pushed miles to one side or 
the other. Such crude and bold conceptions do not stand in the light 
of the present day; still, though we can pvint with confidence to the 
true explanation of some of the phenomena of the Lake Superior coun- 
try, there remains much, very much, for the explanation of which we 
must be content to wait for the extension of minute investigation. 
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In a former volume! of this report, I have shown how the Silurian 
limestone and sandstone formations of the southern, eastern and western 
portions of Wisconsin curve concentrically around three sides of the 
Laurentian nucleus of the northern part of the state. On the northern 
or Lake Superior side, however, we find an altogether different struc- 
ture; and it is evident at once that the Laurentian nucleus has consti- 
tuted a barrier between the Lake Superior and Mississippi valley regions 
since pre-Silurian times. 

Laurentian System. The rocks of the crystalline nucleus itself are 
referred to the Laurentian of Canada, because (1) they sustain precisely 
the same structural relations to the Huronian, Keweenawan, and Lower 
Silurian, as observed in the case of the typical Laurentian of Canada, 
and (2) because they have the same general lithological peculiarities 
that characterize the Canada series. There can, indeed, be no reason- 
able doubt that they are directly continuous with the Canada Lauren- 
tian. They extend to the shores of Lake Superior in the vicinity of 
Marquette, Michigan, and appear again on the eastern or Canada shore 
of the lake. The separation between the Wisconsin Laurentian and 
that of Canada is therefore only a superficial one, the connection being 
concealed by the waters of the lake, and by the overlying Silurian 
depositions in the eastern extension of the upper peninsula of Mich- 
igan. 

In Wisconsin, the northern limit of the Laurentian approaches most 
nearly to Lake Superior on the Montreal river, which is here the state 
boundary — the distance to the lake shore in a direct line being only 
thirteen miles. From the Montreal river the northern limit trends 
about southwest-by-west, and on Bad river, twenty-five miles further 
west, it is twenty-five miles from the lake. From Bad river the course 
is in general but little south of west, to Numakagon lake, T. 44, R. 6 W. 
Here a rapid change to a more southerly direction comes in, and we 
find ourselves following the western side of the Laurentian nucleus, 
soon to be bounded by the regular Mississippi valley formations. The 
southern rim of the Lake Superior trough, at an elevation of one 
thousand to eleven hundred feet above the lake, lies but a few miles 
south of the northern boundary of the Laurentian area, for about fifty 
miles westward from the Montreal, after which it passes on to the more 
northerly and newer formations. 

The rocks of the Laurentian nucleus have already been partly de- 
scribed in former reports. Where they approach Lake Superior they 
are almost wholly gneiss and granite. The prevailing rock along the 
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northern border is a dark gray to black, often greenish-black, horn- 
blende-gneiss, ty which the hornblende has usually been more or less 
completely altered to chlorite. This alteration, when carried to any 
considerable extent, gives a grecnish tinge and greasy feeling to the rock, 
and, in cases of extreme alteration, there is a passage to a green chioritic- 
schist. The associated granites are usually light pinkish-tinted to 
gray, and highly quartzose, a frequent gneissvid tendency showing their 
sedimentary nature. These rocks have a nearly due E.-W. strike, and, 
near the northern border, a high southerly dip. They are, however, 
beyond question greatly folded, and have as certainly an enormous 
thickness. 

Huronian System. Lying immediately against the Laurentian, 
and very sharply defined from it, we find, extending froin the Montreal 
river westward for fifty miles to Lake N qalacen: a belt of schistose 
rocks which we refer unhesitatingly to the Canada ILuronian, and which 
are beyond question the direct westward extension of the iron-bear- 
ing series of the upper peninsula of Michigan. This belt has a 
width, in general, of from one and a half to two and a half miles, and 
includes an aggregate thickness of strata of nearly 13,000 feet, with a 
number of well-marked subdivisions, several of which are persistent 
throughout the entire leneth of the belt. These subdivisions may be 
briefly summarized as follows, beginning below: (1) erystalline trem- 
olitic limestone, at times overlaid by a band of white arenaceous quartz- 
ite, and at times absent, the next formation above then coming into 
contact with the Laurentian, 130 feet; (2) straw-colored to greenish 
quartz-schist, and argillitic mica-schist, often novaculite, 410 feet; 
(3) tremolitic magnetite-schists, magnetitic and specular quartzites, lean 
inagnetic and specular ores — forming the “ Penokee Iron Range,” 780 
feet; (4) alternations of black mica-slates with diorite and schistose 
quartzites, and unfilled gaps, 3495 feet; (5) medium-grained to apha- 
nitic, dark gray mica-schists, with coarse intrusive granite, 7,985 feet — 
in all 12,800 feet. These rocks all dip to the northward, the angle 
being usually high, but lessening towards the west, and trend with the 
course of the belt, which has numerous minor corrngations, while pre- 
serving one general direction. The strike-directions are always oblique 
to the trends of the underlying Laurentian gneiss, proving the uncon- 
formability of the two systems, the actual contact of which may indeed 
be seen in several places. 

Westward from Lake Numakagon the ILuronian belt is lost sight of, 
the Laurentian gneiss and Keweenawan gabbro and diabase coming 
apparently into direct contact with each other. 

The reference of the schistose series of the Penokee region to the 
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IIuronian is justified by the following considerations: (1) there ap- 
pears to be a direct continuation with the iron-bearing system of the 
Marquette region of Michigan; (2) as shown or. a subsequent page, the 
grand subdivisions of the Bad river and Marquette systems are strik- 
ingly similar; (3) the Bad river and Marquette systems both show the 
same relation to the Laurentian and Keweenawan systeins as found in 
the Huronian of Canada; i.e, are newer than the former and older 
than the latter; (4) the Marquette system is found in unconformable 
contact with the Lower Silurian red sandstone of Lake Superior. The 
Marquette Huronian, in its southerly extension in the Menomenee re- 
gion, is also found in unconformable contact with the fossiliferous 
primordial sandstone of the Mississippi valley, a fact which, even if the 
evidence were not amply sufficient without, would demonstrate the 
futility of the attempts made by some to refer the whole series of Lake 
Superior crystalline rocks to the Silurian. 

Keweenawan System. This remarkable series of rocks, peculiar to 
the Lake Superior basin, covers much the greater part of the region 
under consideration, having in Wisconsin alone an area of not far from 
ten thousand square miles. It is a distinctly stratified system, but is 
in large measure made up of eruptive rocks, in the form of great flows. 
These appear to constitute in Wisconsin the lower ten thousand to 
thirty thousand feet of the system, apparently without interstratified 
detrital beds. Above these we find the detrital beds increasing in fre- 
quency, until they seem to exclude the igneous rocks altogether; the 
upper portions for some fifteen thousand feet being apparently com- 
posed wholly of sandstone and shale, with a heavy mass of conglom- 
erate at the base. 

There are two prominent belts of these rocks in northern Wisconsin, 
lying parallel to each other, and having between them a true synclinal 
depression. Oneof these crosses into Wisconsin at the Montreal river, 
and trends thence west-south-west entirely across the state, broadening 
greatly in its more western portions. Along the whole course of this 
belt the rocks dip to the north, the angle lessening steadily from verti- 
eality on the Montreal river, nearly to horizontality on the St. Croix. 
The eruptive members lie to the southward, the fragmental to the 
north. The second belt forms the back-bone of the Baytield peninsula, 
and extends westward to the Minnesota line, where it has its greatest 
breadth. The rocks of this belt never seem to have so high a dip 
as observed on those of the southern one, but the same lessening in 
angle to the westward is observed. The rocks here are in reverse order, 
the eruptive to the north, the detrital to the south. Topographically, 
the Chaquamegon bay depression, with its encircling horizontal sand. 
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stones, lies between the two ridges of Keweenawan rocks; it does nut, 
however, occupy the middle of the synclinal, being carved ont alto- 
gether in the southward-dipping beds. The north and south belts 
would seem, therefore, to come in fact together, without any overlying 
formation in the trough. 

The eruptive rocks of this series are chiefly of the augite-plagioclase 
kind, containing hornblende only in unusual varieties, and then always 
as a paramorphie product of the augite. There is thus presented a 
marked contrast with both massive and schistose rocks of the Huronian 
system, In which amphibole in some form is a very common primary 
ingredient. The three varieties of the augite-plagioclase rocks of the 
Keweenawan series, named in order of relative abundance, are diabase, 
melaphyr and gabbro.! These differ from each other only in minor 
particulars, the melaphyr retaining some glass-base, or an alteration 
product from it, and the gabbro having the augite in a foliated condi- 
tion. In fact,these distinctions are not sharp, still there are important 
inicroscopic differences between the three kinds, peculiar to the Kewee- 
nawan series, Which generally enable us to distinguish them at once. 
This is espec:ally true of the gabbro, as compared with the diabase and 
melaphyr. 

The characteristics of both the diabase and the melaphyr are de- 
scribed in detail by Prof. Pumpelly in another part of this volume. 
His descriptions apply especially to these rocks as developed in the 
typical region of Keweenaw Point. As he says, however, after exam- 
ining a set of specimens from Wisconsin, they are applicable as well 
to the Wisconsin rocks. It is only necessary to quote, in the present 
connection, a few of the most important points. 

The ordinary diabase, which is many times the most abundant of the 
three kinds, varies from almost black to dark green or brown, and even 
bright red, or is nade up of a minute mixture of these colors, which 
are due to varying proportions of chlorite and ferric oxide, both decom- 
position products of the augite. The texture is fine-grained to apha- 
nitie, the latter being much tle most common, and the fracture even to 
chonchoidal. One of the most interesting facts about these rocks is 
their occurrence in distinct beds, each marking a great molten over- 
flow, which are distinguishable from each other by the common occur- 
rence of three subdivisions in each flow, besides at times by minute 
shades of difference in aspect. The upper portion of each bed is a true 
amygdaloid, in which the originally smooth-surfaced gas cavities are 
now filled with amygdules of caleite, chlorite, epidote, quartz, prehnite, 
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laumontite, copper and orthoclase, or their decomposition products. 
These portions evidently represent the upper vesicular parts of the lava 
flows. The lower, and usually much the larger portion of each flow, is 
massive, without amyedules, and, in Wisconsin at least, very frequently 
possessed of a marked columnar structure. Between the amygdaloidal 
and compact portions there is commonly a zone grading in both direc- 
tions, in which many of the same minerals as found in the true amyg- 
daloids occur in an apparently amyedalvidal condition. In this rock, 
however, to which Prof. Pumpelly has given the name of pseudo- 
amygdaloid, these minerals are seen, under the inicroscupe, to occupy 
the positions of primary constituents, whose alteration-products they 
are. Both the true amvgdaloids and the pseudo-amygdaloids tend to’ 
an extreme degree of alteration, when they become irregular mixtures 
of quartz, epidote, calcite and prelnite, or, more commonly in Wiscon- 
sin, of laumontite and calcite, patches of the original amygdaloid fre- 
quently remaining interspersed in the most irregular manner. The 
green and white bands frequently met with in Douglas county belong 
to the former kind, while the still more common pinkish bands are 
those that have undergone the laumontitic decay. Under the micro- 
scope, the primary constituents of these rocks are seen to be plagioclase, 
augite and magnetite or titanic iron. The plagioclase erystals, which 
are usually near oligoclase, are the older, and the intervening spaces 
are occupied by the augite. 

A second and less common variety of diabase, described by Prof. 
Pumpelly as the “ Ashbed type,” is also well represented in Wisconsin. 
In this, which, in the Wisconsin varieties, is dark gray to black, and 
very compact, having a strongly marked conchioidal fracture, the augite 
occupies a subordinate position, occurring in minute grains, whose 
contours are not determined by the feldspar crystals. 

The melaphyrs are less abundant in Wisconsin, and we may pass 
them over more rapidly. They are described by Prof. Pumpelly as 
identical with the rock known as “The Greenstone,” on Keweenaw 
Point, where it forms a long and bold ridge, with a steep southern face. 
It is a dark greenish to greenish-black, minutely crystalline, compact 
rock, characterized by peculiar surfaces of reflection, which, on close 
inspection, appear to be of the same composite character as the sur- 
rounding matrix. These are seen, under the microscope, to be due to 
the inclusion within large crystals of augite, of hundreds of the feldspar 
erystals. The same peculiar structure causes a weathering of the rock 
into knobs representing the pyroxene individuals. The primary 
constituents are plagioclase, pyroxene, olivine, magnetite and the glass- 
base. The plagioclase is near anorthite, and the olivine and glass- 
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base are usually altered. This alteration, since the olivine is mostly 
crowded into the spaces between the large pyroxenes, has produced a 
mottling of dark green and dark brown, the former corresponding to 
the pyroxene crystals, and the latter to the intervening olivine-bearing 
spaces. The brown color is due to the peroxidation of the iron of the 
olivine. The melaphyr does not, according to Pumpelly, commonly 
have the amygdaloidal and pseudo-amygdaloidal portions that charac- 
terize the diabase. Like the diabase, it is prone to extreme stages of 
alteration. These alterations have been traced out in detail by Pum- 
pelly in his paper on the “ Metasomatic Development of the Copper 
Bearing Rocks of Lake Superior.” 

In the Keweenaw Point region gabbros are rare, and not very sharp- 
ly defined from the otherrocks. They have, consequently, received but 
little attention in Professor Pumpelly’s descriptions. In the Bad river 
country of Wisconsin, however, there is a great development of gabbro 
at the base of the Keweenawan system, and other gabbros occur in the 
north belt in Douglas county. My own investigations show that 
there are two well marked varieties of these gabbros, the most com- 
mon of which is light to dark gray, perfectly crystalline, and usually 
of a very coarse-grained texture. The plagioclase in this rock is 
commonly labradorite, and occurs in perfectly defined and generally 
very fresh crystals, the linearly bounded spaces between which, in the 
thin section, are filled by the augitic ingredient. Generally a number 
of the augitic areas are seen to be crystallographically identical. In 
structure the augite shows every gradation from that of true diallage to 
that of common augite. Olivine is present in many varieties, often in 
large quantity, and is often macroscopically visible. It. at times under- 
goes a peculiar alteration, but, as a rule, is, for olivine, extraordinar- 
ily free from decay. Magnetite is the other constant primary ingre- 
dient. Hornblende-bearing phases of this variety of the gabbro occur, 
the thin sections of which show at times a deep brown basaltic horn- 
blende, and at others, and this is more common, the greenish kind. 
The latter is certainly always, and the former as certainly in most cases, 
only a paramorphie product of the augite. 

The second variety of the gabbro is a very coarse-grained, red-and- 
black-mottled, or red-and-gray-mottled rock, in which the plagioclase 
isalways altered in a saussurite direction, having in some crystals 
a grayish, dull appearance, and in others a red stain due to iron infil- 
tration. The diallage, when fresh, is black, lustrous, and highly foli- 
ated, showing, however, a frequent change to a soft chloritic substance. 
The free iron oxide ingredient, which is now magnetite and now titanic 
iron, is in very large, abundant, highly lustrous, and often pinkish-tinted 
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grains. The first kind of gabbro is found only in the Bad river belt, 
of which it forms the lower and larger portion. The last-named kind 
forms the upper part of the Bad river belt, and is also represented 
among the south-dipping beds of the Douglas county region. 

The acid rocks are represented in the Keweenawan system by gran- 
iteand felsitic porphyries. The granite is of restricted occurrence, and 
Is found penetrating alike the upper mica-schists of the Huronian, and 
the gabbro at the base of the Keweenawan. It is known only in the 
townships immediately west of Bad river, where it is coarse and of a 
pinkish color, with predominating pink orthoclase and gray quartz, 
rarer white plagiuclase, and fine-scaled black biotite. 

The porphyries are chiefly of the quartz-porphyry kind, and from 
lilac to brick red in color, with porphyritic white orthoclase, and black 
quartz. True non-porphyritic felsites also occur. These rocks, which 
form persistent and often broad bands, interstratified with the basic 
members in both the southern and northern belts, nearly always pre- 
sent a massive appearance, being for the most part without sign of 
elastic origin. It is quite possible that they are true non-clastic rocks; 
and this supposition would not be questioned for amoment but for the 
fact that at one or two places they have been seen with a conglomer- 
atic tendency, and the further fact that all the porphyry beds as yet ex- 
amined in detail in the Michigan regionare clastic. From Foster and 
Whitney’s Lake Superior report it appears that there are large develop- 
ments of similar rocks at several little known points in the Michigan 
region, notably in the Porcupine mountains. The true nature of the 
porphyries and their relations to the surrounding rocks, is a point de- 
serving the earnest attention of all geologists working in.the Lake Su- 
perior country. : 

The clastic or fragmental rocks of the Keweenawan system include 
shale, sandstone and conglomerate, with a thickness, in all, of not less 
than 10,000 to 15,000 feet. 

The shales are both true clay shales of a dark gray to black color, 
and red sandy shale grading into sandstone. The former are restricted 
to the lower portions of the upper division of the system, and are 
possibly at times carbonaceous, while the latter occur through all 
parts of this division. 

The sandstones are chicfly of a red color, of varying coarseness of 
grain, and always highly aluminous, owing to a largé proportion of 
feldspar fragments, which are not unfrequently more or less changed 
to a kaolinic substance. These sandstones constitute the greater part 
of the upper division of the system, with a thickness of 10,000 to 
13,000 feet. Similar sandstones— and this is true also of the red 
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shales into which they grade — are found alternating with diabase flows, 
for a thickness at times of over a thousand feet, near the junction of 
the eruptive and sedimentary divisions of the system. 

The sandstones are also found grading into fine conglomerates, but 
besides these there occur sharply defined boulder-conglomerates, with 
the pebbles reaching one to two feet in diameter. One such layer as 
this has been traced westward from the Montreal for over 70 miles, 
with a thickness of from 100 to 1,200 feet. The pebbles are quite 
largely of quartzose porphyry, butabundant ones occur of the ordinary 
basic eruptive rocks of the system, and in places large sized quartzite 
boulders are plenty. Besides the boulder-conglomerate places have 
been noticed, as stated on a previous page, where the great porphyry 
bands of the eruptive portion of the system show a conglomeratic ten- 
dency, reminding us of the true porphyry conglomerates of the Michi- 
igan portion of the system. 

The importance of the Keweenawan series in the structure of north- 
ern Wisconsin will warrant a rapid summary in this place of the 
main facts obtained by the several members of the survey who have 
worked on it, with regard to the relations and distribution of its several 
members. 

Beginning with the southern or northward-dipping belt, we find, on 
the Montreal river, where it crosses into Wisconsin from Michigan, the 
following succession above the Huronian schists: (1) green chloritic 
diabase and diabase-amygdaloid, black conchoidal-fracturing diabase of 
the Ashbed type, and the ordinary diabase and diabase-amygdaloid 
(the latter constituting the upper and greater part, and all without 
satisfactory appearance of bedding), included in which are at least 
three porphyry bands, one having a width of many hundreds of feet — 
in all, about 33,000 feet; (2) alternations of diabase, and diabase- 
amygdaloid, with red sandstone and shale, 1,200 feet; (3) boulder-con- 
glomerate, 1,200 feet; (4) alternating black shale and hard gray quartz- 
less sandstone, 350 feet; (%) red sandstone and sliale, 12,000 feet, to 
which should probably be added some 4,000 to 5,000 feet covered by 
the waters of the lake; the last four members presenting a distinct 
bedding and very steep northern dip. These measurements give us a 
total of some ten or eleven miles, measured horizontally. Should we 
regard the series as a continuous one, after making all allowances for 
variations in dip, we have here at least a thickness of 50,000 feet. 

Ten miles southwest, following the trend of the formations, we find 
along Potato river the green diabase of the Montreal section replaced 
by coarse gabbro, while the whole eruptive portion of the series is 
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considerably reduced in thickness. The succession here measured from 
south to north, is as follows: (1) gabbro, 13,000 feet; (2) diabase and 
diabase-amygdaloid, some of the Ashbed type, and including three 
porphyry bands, one a mile in width, 21,000 feet; (8) alternating 
diabase and sandstone, but the sandstone beds barely represented, 2,000 
feet; (4) boulder-conglomerate, 800 feet; (5) alternating black shale 
and sandstone, 250 feet; (6) red sandstone and shale, in sight, 2,000 
feet. Above this the measures are concealed by the red lacustrine 
clays of the lowlands. The dip is still nearly vertical, with a lessening 
to 75°-80°, in the more northern sandstones. 

Ten miles farther southwest again, Bad river crosses the series. ITere 
we have several changes, the eruptive portion of the series being 
greatly reduced in thickness, while the alternations of diabase and 
sandstone have wholly disappeared. The following is the succession 
above the Huronian: (1) gabbro, with granite veins, 12,000 feet; 
(2) diabase and diabase-amygdaloid (none of the Ashbed type), with 
two (three?) porphyry bands, only 5,000 feet; (3) boulder-conglomerate, 
300 feet; (4) alternating black shale and sandstone, 120 feet; (5) sand- 
stone and red shale, in sight, 300 feet; beyond which the measures are 
buried beneath the clay of the lowlands. The inclination is still a 
vertical one, with a lessening to 75°-80° in the more northern sandstone, 
as before. 

At Bad river the trend of the formations changes to a westerly one. 
Eight miles west, on the Brunschweiler, we have: (1) gabbro, with 
occasional granite veins, 32,000 feet; (2) diabase and diabase-amygda- 
loid, with two narrow porphyry bands, and one narrow band of sand- 
stone, 3,000 feet; (3) conglomerate, 600 feet. Above the conglomerate 
the measures are unexposed. 

At the Brunschweiler the dip has already begun to flatten. West- 
ward from here the flattening goes on very rapidly, as a result of which 
the series spreads to a much greater surface width, and the boldness of 
the topography disappears. Other results are the passage of the belt 
we are. following on to the Mississippi river slope, and, since there are 
no more rapid streams, the lack of any such magnificent sections as 
those of the Montreal, Potato and Bad rivers. The exposures become 
rarer, and more difficult to assign to their proper places in the forma- 
tion. By the time the west line of R.6 W.is reached, the gabbros 
disappear, and diabase and melaphyr seem to make up the whole of the 
eruptive portion of the system. In KR. 7 W., in the vicinity of Long 
lake and the Numakagon river, these have a surface width of nine 
miles, and are apparently directly in contact on the south with the 
Laurentian, the Huronian schists having disappeared. In townships 
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43 and 44, R. 9 W., the northward dip is only about 25°, as shown by 
numbers of exposures, descriptions of which are found in the notes 
left by the late Mr. Strong. 

As far as the northwest corner of T. 44, R. 8 W., the course of the 
northern border of the diabase beds, which is marked by the westward 
continuation of the same conglomerate belt as found farther east, is 
nearly east and west. Beyond this point it trends southwest again, pass- 
ing in the vicinity of the Eau Claire lakes, where what is not improbably 
the same conglomerate may be scen, this being the westernmost point 
at which it has been observed. <A line from here across the diabase 
belt, in a direction of right angles to the general tread, measures twelve 
miles, Further west, as shown by Mr. Strong’s notes, the dip lessens 
still more, probably in a large portion of the area approaching horizon- 
tality, the width of the district covered at the same time greatly in- 
creasing. 

As the St. Croix river is approached, the whole country from town- 
ship 41 southward to township 33 has been shown by Mr. Strong to be 
underlaid by the typical diabase and melaphyr of the Keweenawan 
series. In the immediate vicinity of the St. Croix, and to some extent 
away from the river, there is often a covering of the horizontal Pots- 
dam sandstone, which, at the contact, is commonly filled with pebbles 
and boulders worn from the older diabase and melaphyr, and is, more- 
over, often crowded with the characteristic Primordial fossils. 

The northward-dipping sandstone beds which are exposed on so large 
a scale on the Bad and Montreal rivers, are not to be seen west of Ash- 
land county, though on the north side of the synclinal the same beds 
occupy their true positions as far as the west line of the state. It is 
supposed that to the southward they are buried beneath the heavy 
drift accumulations of the region, and, moreover, that they may have 
been largely eroded. 

Passing now to the northern side of the synclinal, where the strata 
dip southward, we find the same order as before — eruptive rocks below, 
and to the north, the sandstones above, and therefore on the south. 

The easternmost exposure of these south-dipping rocks is met with 
on Bad river, Sec. 25, T- 47, R. 3 W., where are seen red sandstones 
and shales, 2,000 feet in thickness, dipping southeastward at an angle 
of 38°. A thickness of several hundred feet of the same rocks inclined 
also to the sontheastward, now at an angle of 25°, is exposed on White 
river, Sec. 5, T. 46, R. 4 W. To the westward from here there are 
many square miles of country without exposures. 

The central ridge of the Bayfield peninsula appears to be made up 
beyond doubt of some of the crystalline rocks of the Keweenaw system. 
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? hese are, however, not exposed until we get as far west as Iron river, 
T. 43, R. 9 W. From here, in a direction west of south, fifty miles 
across Douglas county to the Minnesota line, is a prominent ridge with 
a bold northern face, made up of beds of melaphyr and diabase. These 
beds, which are exposed both on and away from the rivers, over a belt 
two to four miles wide, dip constantly to the south at an angle of 20° 
to 40°. On the north they are seen frequently in unconformable rela- 
tions with the horizontal Lake Superior sandstone, which is filled with 
boulders and pebbles derived from their destruction. 

Southward from the Douglas county Copper Range, the country is 
level and swampy for twelve to fifteen miles. Beyond this barren in- 
terval, however, are found, in townships 43 and 44, numerous ledges 
of diabase and diabase-amygdaloid, with a low southern dip; immedi- 
ately overlying which is a great thickness of red sandstone and shale, 
inclining southward at an angle of about 14°. These sandstones are seen 
along the St Croix river, in townships 42, 43 and 44, and in the branch 
streams, for a distance of over twelve miles. According to Mr. Sweet, 
the total thickness exposed is over 9,000 feet, but from Mr. Strong’s 
notes it would appear that there are included eruptive beds. 

Lake Superior Sandstone. The newest of the four great forma- 
tions of the Lake Superior region presents itself as a horizontal sand- 
stone, which varies from deep reddish-brown, through various tinges of 
red, to fawn color, the red shades being the common ones. This sand- 
stone is generally quite aluminous, carrying usually some feldspathic 
particles, whose alteration has often given rise to a kaolin-like sub- 
stance, which, in lighter-colored varieties, is readily perceptible as a 
white substance between the grains. These peculiarities have already 
been noticed as characteristic of the sandstones of the upper portion of 
the Keweenaw series, but the newer or horizontal sandstones have 
always a much larger, and frequently even a predominating quantity of 
quartz granules. The following analyses, by Mr. E. T. Sweet, show well 
the differences between the typical sandstones of the twosystems. No.I 
is of a coarse grained, highly feldspathic rock from Leihy’s Falls on Bad 
river, Sec. 25, T.47, R.3 W. No. IL is of the dark-brown stone quarried 
on Bass Island, opposite Bayfield. The large percentage of magnesia in 
No. I is evidently due to the presence of a pyroxenic alteration product: 
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Plate XIX a, of this volume, gives several representations of the ap- 
pearance under the microscope of thin sections of both MKeweenawan 
and Lake Superior sandstones. 

The horizontal sandstone is confined to the vicinity of the shores of 
the lake, above whose level it has never been observed at a greater 
height than 370 feet. This figure must, therefore, the position of the 
layers being practically a horizontal one, be taken as the maximum 
known thickness of the formation. - It undoubtedly extends to a greater 
depth, and quite possibly at one time filled a large portion of the Lake 
Superior trough. 

The easterinost point at which the horizontal sandstones are known 
in Wisconsin, is on the lake shore at Clinton Point, Sec. 32, T. 48, R 
1 W. Four miles east of here, on the Montreal river, the nearly ver- 
tical Keweenawan sandstone is in sight, with a thickness of thousands 
of feet. West of Clinton Point, the horizontal sandstone seems to un- 
derlie the low country about the mouth of Bad. river, but does not 
appear to view until the head of Chaquamegon Bay is reached. From 
here it is constantly exposed in low cliffs around the entire coast of the 
Bayfield peninsula, and for short distances up the rivers flowing into 
the lake. It is also visible in similar cliffs on the shores of nearly all 
the islands of the Apostle group. Beyond the mouth of Iron river, 
T. 50, R. 9 W., the sandstone is no longer seen in the lake bluffs, which 
are now wholly of red clay, but is constantly exposed up the northward- 
flowing streams as far as the foot of the Douglas County Copper Range, 
which is composed, as previously shown, of southward-dipping eruptive 
beds of the Keweenawan series. According to Mr. E. T. Sweet, from 
whose reports all the facts with regard to the country about the western 
end of the lake are taken, the belt of horizontal sandstone north of the 
Copper Range has a width of from five to ten miles. Mr. Sweet also 
states that the elevation of the sandstone at its junctions with the other 
rocks, varies considerably. On the St. Louis, in the vicinity of Fond 
du Lac, where the horizontal sandstone directly overlies the Huronian 
schists, it reaches an altitude of between 200 and 250 feet above the lake 


level. On Black river, in Douglas county, where the sandstone is -: 
seen nearly in contact with the Keweenawan eruptive rocks, in a .-- 


deep gorge, its upper surface is at an altitude of 365 feet. For the 
other principal streams flowing into Lake Superior, named in order from 
west to east, the corresponding figures given by Mr. Sweet are as follows: 


ww} 


Copper creek, 296 feet; Aminicon river, 220 feet; Middle river, 155 . 


feet; Brulé river, 212 fect; Iron river, 150 feet; Flag river, 115 feet; 
Siscowet river, 95 feet. : 
The several junctions of the Lake Superior sandstone and Kewee- 
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nawan recks, exposed in Douglas covnty, present some points of general 
interest. I quote in this connection from Mr. Sweet’s report: “ Most 
of the northward-flowing streams in Douglas county leave the erystal- 
line rock area and enter upon the sandstone district through deep gorges 
and in wild falls. In the walls of these gorges both formations are 
usually beautifully exposed, but the sandstone, for a distance of from 
twenty to three or four hundred feet from where we would expect to 
find the contact, has evidently been affected by some great lateral pres- 
sure; for we find the layers broken into short lengths and tilted at 
various angles, generally to the northwest, or away from the crystalline 
rocks. In following down the streams, the sandstone layers in the 
walls of the gorges gradually show less and less the effects of disturbing 
influences, and finally assume horizontality and regular bedding. On 
Middle river the original lines of deposition have been entirely obliter- 
ated, and the very argillaceous sandstone transformed into a transverse- 
cleaving slate.” From other portions of Mr. Sweet’s report, it appears + 
that at the contact there is in many cases a confused brecciated mass--'.-:- 
of sandstone and crystalline-rock fragments, some of which are of great ‘ 
size, while in places they become rounded, and the rock passes intu/.. - 


the ordinary conglomerate. These peculiar appearances, only in one “v *« > 


ease reaching to any considerable distance from the crystalline rocks, 
are to be attributed in the first place to the naturally confused mode of 
deposition on the cliffy shore of the waters in which the sandstones 
were originally deposited, but, as I have shown in another place,' a 
slight movement northward of the deep-seated crystalline rocks against 
the more superficial sandstone would account for much, Another thing 
tending to confuse, would undoubtedly be the chemical action, which, as 
is well known, is so apt to be set up with unusual energy along the cor- 
tact of dissimilar formations. | 
The contact of the Lake > Superior | sandstones with the Iuronian io 
slates of the St. Louis river, in Minnesota, is without such peculiar «=: 
phenomena as just described, being a case of true unconformable super-. +‘ 
position, and not of mere abutment against the higher ledges of «n 
older system. According to Mr. Sweet, in descending the St. Louis” 
river from the railroad crossing at Thompson, the horizontal sandstones 
first overlie the slates near the center of Sec. 11, T. 48, R. 16 W., two 
miles above the Wisconsin line. The sandstone is here a conglomerate 
of pebbles of quartz and of greenish chloritic slates from the underlying 
Huronian, the quartz pebbles coming from veins in the latter forma- 
tion. Above, these conglomerates grade into and are directly succeeded 
by the ordinary red sandstone and shale. 


a 
1 On the Aze of the Copper-Bearing Rocks of Lake Superior." Am. J.Sci. June, 1874. 
Vou. UI—2 


s 


18 GEOLOGICAL STRUCTURE OF, NORTHERN WISCONSIN. 


The resumé thus given, together with the accompanying map (Plate 
IX) and sections (Plate LX a), will serve to convey a comprehensive 
idea of the relations to each other of the several North Wisconsin 
formations, and of the position and extent of the great synclinal de- 
pression which extends entirely across the state, Fri the Michigan to 
the Minnesota boundary. A number of interesting conclusions, as to 
structure, covering a wider area than is included within the Wisconsin 
region, are suggested by the results obtained by our survey. As to 
some of these, I can have but little doubt of their truth; still, the 
needed investigations have not been made, and their final demonstration 
must be left to the geologists of the adjoining states. 

One of the most interesting of the points left in some doubt is the 
nature of the continuation of the North Wisconsin synclinal into Min- 
nesota, and the relation of the rocks on the north shore of the western 
end of Lake Superior to those in Wisconsin. The descriptions given 
in Owen’s report of the rocks exposed on Kettle river, which crosses 
the extension of the synclinal in Minnesota, are of no avail in this con- 
nection, for, in the first place, his distances are estimates only, made in 
canoe traveling, and, moreover, he has failed to distinguish between 
the Potsdam sandstones of the Mississippi valley and the sandstones 
of the Keweenaw Series. This distinction will, indeed, be a matter of 
some difficulty to any one, even now that the structure of the Wiscon- 
sin region is known, for the Keweenawan sandstones are here but little 
inclined, and the Potsdam sandstone, which probably often directly 
overlies the others, is frequently filled with boulders of the eruptive 
rocks of the Keweenaw Series, the resulting conglomerates looking 
much like some of the true Keweenawan conglomerates. It is very 
evident that the Mississippi valley sandstone stretches well to the 
northward in the St. Croix region. 

It is supposed that the North Wisconsin synclinal terminates at no 
great distance west of the Minnesota line, in a shape which might be 
likened to that of the end of a shallow spoon, one side of which has 
been beaten out nearly flat, as indicated by the wide spread, southward, 
of the nearly horizontal eruptive rocks. 

The Huronian schists, so largely exposed along the St. Louis in Min- 
nesota, from Thompson nearly to the Wisconsin line, dip constantly to 
the southward, at an angle of from 30° to 40°, the strike being nearly 
“east and west. These sae appear to be Representatives on the north 
side of the synclinal of the Penokee ILuronian System, whose western 
extension we suppose to be buried beneath the overflows of the Kewee- 
nawan diabase and melaphyr. J£ this view is correct, the two must 
connect, also in spoon-fashion, somewhere in that part of Minnesota 
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southwest of the St. Louis. The hills immediately back of Duluth — od oe Jog 
are made up of a coarse-grained 1 hornblende gabbro,! behind w Thich pass 5 BEL CUS COTRG 
the Huronian schists ae the St. t. Louis, and above which, afew mites (es 7 aS hi ~ 
along the lake shore, begin to appear the characteristic diabases and of her hee pated: 
sandstones of the Keweenaw series, dipping at low angles (5° to 15°) to 4 Cue ha © 

the southward.? It seems altogether probable that we have in these 

rocks of low dip merely a portion of the same south-dipping series met 

with in Douglas county, Wisconsin. From the publications of Owen 

and Whittlesey with regard to the northwest shore of Lake Superior, I 

gather thet the same low southern dip prevails throughout. It reap- 

pears, as Foster and Whitney have shown, in the Isle Royale rocks, so 

that the North Wisconsin synclinal would appear, on the whole, to be 

the same as that long recognized as lying between Isle Royale and Ke- 

weenaw point. The westermost portion of the lake or the “Fond du 

Lac,” is then, on this view, excavated entirely in the south-dipping lay- 

ers of the north side of the synclinal, and possibly, to judge from 

the position of the island, in those layers that appear in Isle Royale. 

The varying breadth of the depression is easily explained by the varia- 

tions in inclination on either side, as also by the thinning and thicken- 

ing of different members of the series. The relation of the Porcupine 

Mountain rocks to the synclinal is, however, with our present knowl- 

edge, a point of difficulty.’ 


The subject of the age of the Lake Superior formations is one 
deserving a few additional words. That the gneissic and schistose 
rocks of the region are correctly referred to the Laurentian and 
Huronian systems of Canada, would seem to be sufficiently proven 
from facts already given. The relations of the Keweenawan system 
and of the horizontal Lake Superior sandstone to each other, to 
the Huronian schists, and to the fossiliferous Potsdam sandstone of 
the Mississippi valley, are, however, points needing further consider- 
ation. 

That the Keweenawan system is newer than the Huronian, is evident 
enough from the relative positions of the two, both in the Penokee re- 
gion and in the region of the northwest shore of Lake Superior. That 
the two systems are in actual non-conformity in these regions is not so 
evident. Pumpelly and Brooks, after a rapid examination of the re- 


1Streng and Kloos. Neues Jahrbuch fiir Mineralogie, 1877. 

? Col. Charles Whittlesey. ‘* Physical Geology of Lake Superior.’’ Proc. Am. Assoc., 
1875. Also Owen's Geological Survey of Wisconsin, Iowa and Minnesota. 

3 The nature of the depression south of Keweenaw Point, and of the westward exten- 
sion of the Copper Range of Keweenaw Point, now occupied by the horizontal Lake 
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gion between Bad river and Lake Gogebic, announced, in 1873,' their 
belief in the essential conformity of the twosystems. The opinion was 
based on the close approximation in the amount of northward dip through 
all of this region; the Keweenawan beds, when differing in inclination 
from the adjacent IIuronian, presenting a higher inclination, instead of a 
lower one, as would be expected in a case of non-conformity.? After 
my own first season’s work in the Penokee country, I acquiesced in 
this conclusion, and so stated in a paper published in 1874.8 In an ar- 
ticle published in 1876,‘ however, Mr. Brooks reverses his former opin- 
ion, now regarding the Huronian and Keweenawan systems as uncon- 
formable. I give his arguments in his own words: 

“As supporting the view that these pre-Silurian systems are of dis- 
tinct periods, I would call attention to their well known points of dif- 
ference. The IIuronian series of stratified grcenstones, chloritie and 
related schists, clay slates, quartzites, marbles, micaceous and horn- 
blende-schists, gneisses and granites, containing no copper or other 
metallic ores, except great conformable beds of magnetite, hematite, 
and limonite, differ as widely as may be from the compact and amyg- 
daloidal melaphyrs, friable sandstones, conglomerates with porphyry 
pebbles, which constitute the bulk of the copper series, the whole more 
or less charged with native copper and silver; all of which points 
strongly toward a different origin of the two systems. 

“In their metamorphoses and movements subsequent to their depo- 
sition, there is a not less wide divergence noticeable. The friable sand- 
stones of the copper series, showing no greater metamorphism than the 
overlying Silurian, for which they are often mistaken, have no counter- 
part in the highly erystalline schists and quartzites of the Huronian, 
where we have only just enough of the arenaceous character left in 
some of them, to leave no doubt as to their fragmentary origin. But 
the difference in the amount, sharpness, and regularity of the folding 
and bending of the rocks of the two systems into existing wave forms, 
is, if possible, wider than their lithological variations. Contrast the 


Superior sandstone as far west as Lake Gogebic, is another point of difficulty as well as 
of great interest in this connection. A few facts given by Foster and Whitney, and by 
Brooks and Pumpelly, suggest the thought that there may be here another true syncli- 
nal depression, the southern rim of which is reprosented by the ‘ South Copper Range ”” 
of the region of Lake Gogebic; but this is a mere conjecture. 

1 Am. Journal of Science and Arts, Vol. II., 1872. 

? See Sections, Atlas Plates XXI and XXII. 

3**On the Age of the Copper Bearing Rocks of Lake Superior." Am. Journal of 
Sci., June, 1874. 

4*‘On the Youngest Huronian Rocks south of Lake Superior.” Am. Jour. of Sci., 
March, 1876. 
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magnificent regular sweeps of the copper series, the main ranges of 
which preserve the same strike and direction of dip from Keweenaw 
Point westward for 150 miles, presenting for half the distance only the 
south unturned edge of the broad synclinal which embraces one-fourth 
of the great lake in its basin; with the older system everywhere sharply 
folded into narrow troughs and irregular basins, trending in every direc- 
tion, the upturned edges of whose enclosing rocks box the compass, 
winding and zig-zagging in outcrop like a sluggish river. 

“Tf we extend our observations to the older and again non-conform- 
able Laurentian, we find the rocks still more plicated and metamor- 
phosed, often even to the extent of entirely obliterating all evidences of 
stratification. If we suppose the forces which have produced the meta- 
morphosis and the wave forms to have acted regularly and constantly 
from the beginning of Archean time to the beginning of the Paleozoic, 
we may easily suppose the above results produced, viz: the Laurentian, 
most disturbed and changed, the Huronian next, and the copper series 
least, the Silurian practically not at all. 

“A fact not without interest is the entire absence, so far as I know, 
of any patch, even, of rocks of the copper period south of the great 
Keweenaw belt. If the two systems were conformable and of the same 
age, it is difficult to suppose it possible that erosion should have en- 
tirely denuded all the Huronian area which must have been covered by 
the copper series, of the rocks of that period. One would expect that 
somewhere a mass of these supposed younger [uronian beds would 
have been embraced in some one of the numerous sharp, deep syncli- 
nals, and have been found by those indefatigable mineral prospectors 
who have so thoroughly searched this region. On the hypothesis of 
non-conformability, it is much easier to conceive how it was possible 
for Silurian breakers coming from the south, slowly advanced by a sub- 
sidence from the same direction, to have done their work in completely 
uncovering the present Huronian area, and leaving the great copper 
range escarpment one of the most striking topographical features as 
well as the most difficult geological problems in the northwest. It is 
easy to suppose, for example, the horizontal Silurian rocks being entirely 
eroded from any Archean terrains, but not of the Huronian rocks 
being entirely eroded from a Laurentian area for the reason already 
given. Lastly, Logan states, Geology of Canada, 1863, p. 77, that ‘ cer- 
tain conglomerates of the Lower Copper-bearing rocks north of Lake 
Superior repose non-conformably on the upturned chloritic schists of 
the Huronian.’ ” 

It will be seen that Mr. Brooks’ arguments are based chiefly upon 
the relations and main structural features of the two systems as devel- 
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oped in Michigan, and that, therefore, “the approximate conformability 
in strike and dip of the Huronian and copper series between the Mon- 
treal river and Lake Gogebic, would in this view be only accidental, 
and not prove identity of age.’ These arguments appear to me to be, 
for the most part, quite sound; and, moreover, I conceive that further 
evidence of non-conformity is afforded in the Wisconsin region by the 
following facts: (1) In the Penokee country, the uppermost beds of 
the Huronian are gradually cut out, as we trace them westward, by the 
gabbro that forms the base of the Keweenawan series, a fact which 
appears to me best explained by the supposition that the gabbro! covers 
and conceals these missing beds. (2) There is not an absolute uniformity 
in dip between the Huronian and Keweenawan rocks in this region, 
the latter standing commonly at a higher angle. (3) West of Lake 
Numakagon, the diabases and other eruptive rocks of the Keweenaw 
series appear to completely cover the Huronian, in a great overflow. 
Nevertheless, the approach to conformity in Wisconsin is close, and 
were we to draw our conclusions from this region only, the non- 
conformity could hardly be regarded as proven. There are no such 
undulations in the Huronian of the Penokee district as in Michigan, 
the subordinate members making long and regular bands conforming 
to the general trend of the formation, and also, in a general way, to the 
trend of the several belts of the Keweenaw series. Moreover, the less- 
ening in dip towards the west, already noted as affecting the latter 
rocks, is observed also in the underlying Huronian, so far as these can 
be traced westward. Again, from the relation of the Huronian and 
Keweenawan rocks on the St. Louis and the district bordering the north- 
west shore of Lake Superior, it appears evident that the North Wis- 
consin synclinal affects Huronian as well as Keweenawan rocks. 
c The older geologists all speak of the Keweenawan series and the 


_¢ horizontal Lake Superior sandstones as forming part of the same systein. 


Sir William Logan,’ in his Geology of Canada, gives good reasons for 
believing in a non-conformity between the two; and Brooks and Pum- 
pelly, in the publication above referred to, distinctly announce such a 
non-conformity. Their opinion is based (1) on the unconformable 
abutment of the horizontal sandstones all along the south side of Ke- 
weenaw Point against the northwest-dipping diabase and included 
sandstones of the Keweenawan series; (2) on the occurrence of a small 
patch of horizontal sandstone, placed directly upon the tilted diabase 


1 This gabbro belt occupies the position of the belt called granitic by Major Brooks, in 
the paper above quoted, and by Colonel Whittlesey, in Owen's Geological Report, 
‘‘ granitic and syenitic.”’ 

9 Geology of Canada, p. 86. 
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beds; (3) on the relations of the two series in the vicinity of Lake 
Gogebic; and (4) on the general dissimilarity in structure of the two 
systems, the one presenting itself always as a constantly horizontal 
sandstone of no great thickness, confined to the immediate vicinity of 
the lake, or to low depressions extending inland from the lake, while 
the other is a series including enormous thicknesses not only of eruptive 
rocks, but of fragmental sediments as well, which are always inclined, 
and rise to great heights above the lake level. The unconformable 
abutment of Keweenaw Point was formerly explained by supposing the 
existence of a great longitudinal fault. That the tilted diabase beds 
had, however, the same position as now, when the horizontal sandstone 
was deposited, is evident from the pebbles and boulders of diabase 
found in the sandstone at the contact. 

The relations of the two systems, as observed in Wisconsin, are, I 
think, wholly confirmatory of this view. The constant horizontality of 
the sandstone series; its restriction to low levels; the actual unconform- 
ity visible in Douglas county; the proximity of the horizontal sand- 
stones to the enormously thick perpendicular fragmental beds of the, , 

Montreal river; and the relations of the two series on the St. Louis, . 46 ¢o%. -«% 
appear to amount to demonstration. In the Thunder Bay region, the? +: vef tees. «- 
Canada geologists have proved a similar non-conformity, and Sir Will. 27. fer | 
iam Logan’s arguments would seem to show that the same is true for 
the southeastern shore of the lake. That it may at times be difficult to 
tell whether we have to do with the Keweenawan or the newer sand- 
stones, is undoubtedly true in some of those cases where the Kewee- 
nawan beds have a low inclination, but such cases of difliculty are rare. 

Sir William Logan, supposing the horizontal sandstones, because 
overlaid in the vicinity of the Sault St. Marie by beds with Trenton 
fossils, to belong to the Chazy horizon, was inclined to refer the Ke- 
weenawan series to the Ca'ciferous and Potsdam. The researches of 
Dr. Rominger, State Geologist of Michigan, would, however, seem to 
show that the horizontal sandstones really belong to the Potsdam hori- 
zon of New York, which would indicate a pre-Primordial age for the 
Keweenawan system. 

Fortunately, however, we have at hand a more absolute proof than 
this, of the age of the Keweenawan System, for at the Dalles of the St. 
Croix river, thirty miles above its junction with the Mississippi, and on 
the west line of Wisconsin, we find horizontal sandstones and shales, 
crowded with characteristic Primordial fossils, lying upon the irregular 
and eroded surface of a Keweenawan melaphyr.' The contact is finely 


1. T. Sweet, Transactions Wis. Acad. &ci., Vol. 11]; also, Owen's Geol. Survey Wis., 
Iowa, and Minn, 
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exposed, and the sandstone near the junction is full of rounded and 
angular fragments of the underlying melaphyr. This place was de- 
scribed by Owen, but, so infected was he with the prevalent ideas of 
intrusive rocks, that he looked upon the melaphyr as the newer of the 
two, disregarding the overwhelming evidence of direct superposition, 
of the undisturbed condition of the sandstone, and of the melaphyr 
pebbles and boulders it contains. Mr. Strong has found similar con- 
tacts in numbers of other places in the St. Croix region. It is evident 
enough, then, that we have here proof absolute that the Keweenawan 
series belongs below the base of the Paleozoic column of the Mississippi 
and above the Ifuronian schists of Lake Superior. 

The relation of the Lake Superior horizontal sandstone to the Pots- 
dam sandstone series of the Mississippi valley, needs a few remarks. 
As already stated, Logan has proved the sandstones of the Sault to lie 
below beds with Trenton fossils, and Rominger seems to have nearly 
as clearly established a similar relation to the Calciferous strata. These 
facts would go far towards placing the two series in question at nearly 
the same horizon. An absolute proof of their exact relations is want- 
ing, because nowhere as yet have the two been traced into each other. 
Judging from the low altitude above the lake to which the Lake Supe- 
rior sandstone has been seen reaching, it appears improbable that any 
connection ever existed between the two formations in the Wisconsin- 
Minnesota region. The only place, in this vicinity, where such a con- 
nection would seem to have been possible, would be along the bottom 
of the synclinal depression; but even here the elevation seems too great, 
and, moreover, so heavily is the country covered by drift materials that 
no trace of the connection would be likely to develop itself, did it exist. 

It is much more possible that a connection may exist in that portion of 
the upper peninsula of Michigan where the formations of the west side 
of Lake Michigan swing around from a northeastward to an eastward 
trend. That the fossiliferous Potsdam sandstone is continuous to the 
Michigan line, Prof. Chamberlin has shown.’ As toa connection across 
the seventy to eighty miles intervening between here and Lake Supe- 
rior, I find no evidence in the reports of the Michigan geologists. 
The idea that a connection exists here between the St. Peter’s, or 
Upper sandstone, of Wisconsin, and the Lake Superior sandstone, 
need only to be mentioned for the sake of denying the existence of 
any such connection. 

It appears, on the whole, that the evidence is all in favor of an approx- 
imate equivalency of the Lake Superior and Mississippi valley Pots- 
dam sandstones. It seems probable to me, with my present knowledge 


1“ Geology of Eastern Wisconsin,’’ in Vol. II, Geology of Wisconsin. 
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of the facts, that they were deposited in always disconnected basins, 
and that their sharply contrasted lithological peculiarities are to be 
explained by corresponding differences in the ancient rocks fro.n whose 
ruins they are built. 

Judging from the facts obtained in the western part of the Lake 
Superior region, the seqnence of events during the periods represented 
by these formations would, then, seem to have been as follows: the 
deposition of the sediments which afterwards became the Jfuronian 
schists, in a trough bounded by lofty elevations of Laurentian gneiss; 
the deepening of the trongh, with the partial alteration and dislocation 
of these sediments; the first great molten outflows, presumably of fis- 
sure origin, of the Keweenawan system; the further crystalization — 
due to the heat at the depth reached—of the IIuronian sediments, 
with the contemporaneous formation of the granite now found pen- 
etrating the upper Iluronian schists and the gabbro at the base of the 
Keweenawan; the formation by alternate igneous outflow and _ sedi- 
mentation of the enormously thick Keweenaw system, the trough con- 
tinuing to deepen meanwhile, but not enough to carry the Keweenawan 
sediments into the region of alteration; the gentle folding into a wide 
synclinal, or synclinals, of the whole series of beds whose history has 
been thus traced; the enormous denudation which removed the Lau- 
rentian highlands, and produced the beveled edges of the ITuronian and 
Keweenawan series; and, finally, the deposition of the Lake Superior 
horizontal sandstones in the depressions left by the movements and ero- 
sion of the preceding periods. 
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LITHOLOGY OF THE KEWEENAWAN SYSTEM. 


Agreeably to the request of Prof. Chamberlin, I have examined the 
rocks sent me from the collections made by Prof. Irving, Mr. 
Strong and Mr. Sweet, and from the University collection. In doing 
this, I have had one hundred, or more, thin sections cut for study un- 
der the microscope. I have limited my observations chiefly to the 
classification of the rocks; thinking that the most important direction 
that I could give to my study would be that one in which I might be 
able to contribute some aid towards the comparison of the rocks of the 
Keweenawan or Copper-bearing series of Michigan! with those of Wis- 
consin. 

In classifying the Wisconsin rocks, I have followed the system of 
Rosenbusch,? which, in so far as the rocks in question are concerned, is 
expressed in the following scheme: 

I. Granuiar Praaiociase-Avaite Rocks. 

a. Plagioclase-Augite= Diabase. 
b. Plagioclase-Augite-Chrysolite=Chrysolitie Diabase. 

II. Porrnyritic Pracioctase-Averre Rocks; containing more or 
less of a base which, under the microscope, is not re- 
solvable into individualized minerals. 

a. Plagioclase-Augite=Porphyritic Diabase. 
b. Plagioclase-Augite-Chrysolite=Melaphyr. 


III. GranuLAR PLaaiocuase-DIALLAGE Rocks. 
a. Gabbro. 


1 The lithological descriptions of the Michigan copper rocks are given in the Report of 
the Geol. Survey of Mich., Vol. Ist, Part 2, 1873. J refer here more particularly to the 
rocks of the Eagle River section, because that section is a very long and continuous one, 
and because a suite of specimens collected by Mr. Marvine, and numbered to correspond 
with the numbers used to designate the beds, and used also in his very clear descriptions 
in pp. 95 to 140, of the above report, has been presented to the Wisconsin Survey. In 
reading Mr. Marvine’s chapter, it will be necessary to remember that pyroxene should 
stand in place of hornblende in every instance, and that the rocks indicated as “‘ diorite ”’ 
all belong to the diabase family, some being diabase proper, some, as 108, melaphyr, 
and others, as 95 and 107, gabbro. Throughout the whole report, the term mela- 
phyr is used in a generic sense, and should be replaced by diabase, also as a generic 
name. 

? “‘ Mikroskopische Physiographie der Massigen Gesteine,’’ von H. Rosenbusch. Stutt- 


gart, 1877. 
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In determining the feldspars, I have used my own modification 
of Des Cloiscaux’s method. Des Cloiseaux cut thin sections of the 
various triclinic feldspars parallel to the basal cleavage, and meas- 
ured, between crossed nicols, the angle between the edge O-it and the 
principal section — maximum extinction of light— or between the 
maxima of extinction in the alternate hemitropic bands of the twinned 
erystals. 

Des Cloiseaux found this double angle from a long series of obser- 
vations to be: 


Por’ Oligocl As0scavsas sicnesseeseweseeesse rier eri eanaaawes 0° —2° 
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AWOHIUE aoa iaed Soencesewhscadek wees gens wees yews 40° —80° 
Microclii@es62s4.06i.00 6 ise Gann dev tawssesereieeiebeswaes 30°54’ 


The application of this beautiful and exact method requires crystals 
large enough to be managed in cutting, and these are very rare in these 
rocks. 

To make this principle applicable to ordinary thin sections, I have 
determined approximatively for each of the triclinic feldspars, the 
range of the angle included between the principal sections of alternate 
hemitropic bands in the zone O:it. These values are based on the po- 
sition of the optic-axial plane and of the bisectrix, as established by Des 
Cloiseaux.' 
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1To determine whether a triclinic feldspar, in a thin rock section, is cut in the zone 
0:it, the following conditions should be fulfilled: The position of one of the cross- 
hairs in the eye-piece should coincide with a nicol plane; the nicols being crossed, turn 
the thin section till the line of separation between two hemitropic bands of the feldspar 
coincides with a cross-hair; then revolve the stage till the maximum extinction of light 
occurs in one set of bands, and note the number of degrees of revolution; then revolve 
in the opposite direction till maximum extinction occurs in the alternate set of bands, 
and note the amount of revolution; if the two readings are equal, then the random sec- 
tion is cut in the zone O:i%. In practice, it is found that where there are many feldspar 
individuals in a section, there are almost always some that happen to be cut in the re- 
quired zone. 
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Inasmuch as the terms oligoclase and labradorite now represent only 
convenient subdivisions in the series of isomorphous mixtures of albite 
and anorthite substance, the corresponding figures in the table are in- 
termediate for each subdivision; and since the maxima (as appears from 
the table) increase with the basicity, observations on a sufficient num- 
ber of separate individuals should give a more or less exact determina- 
tion of the position of the feldspar in the series. Practically, I have, 
in my determinations, designated as oligoclase those feldspars of which 
several individuals in a section gave angles between 32° and 36°; as 
labradorite those between 36° and 62°; and as anorthite those over 62°. 

The rocks represented in the four collections sent me are: 

Diabase. | 
Melaphyr. 

Gabbro. 

Uralitic gabbro. 

Uralitic diabase. 

Augite-diorite. (4.424 fr-2 alr} 
Felsitic Porphyries. 

Diabase proper forms the greater number of the specimens. The 
different varieties of this rock are dark in shade, varying from almost 
black in unaltered specimens to dark green or dark brown, or varying, 
minutely subdivided mixtures of these colors, according to the relative 
proportions of chlorite and ferric oxide among the decomposition pro- 
ducts. They vary in texture from medium fine grain to eryptocrystal- 
line, and the fracture from uneven and hackly toconchoidal. Through- 
out the copper district of Keweenaw Point, the diabase occurs in beds 
from a few yards to several hundred feet thick, which undoubtedly 
represent great fissure overflows. These beds have, as a general thing, 
three well marked subdivisions. 

I, An amygdaloidal wpper portion, containing originally small, 
smoothly rounded cavities, rarely connected, and sometimes drawn out in 
long irregularly cylindrical openings, which are always perpendicular to 
the plane of bedding. These cavities are now almost always filled with 
secondary minerals, generally the following, in combinations: calcite, 
chlorite, epidote, quartz, prehnite, laumontite, copper, orthoclase, or 
their products of alteration. 

II. A lower, massive portion of the bed; and 

IIL A pseudo-amygdaloidal portion which is intermediate in posi- 
tion between the two others. This part of the bed is marked by the 
presence of secondary minerals — chlorite, quartz, prehnite, calcite — in 
forms which, to the naked eye, resemble those of the amygdaloids, but 
which, under the microscope, are seen to occupy the places of primary 
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constituents that have been removed. I have described the stages of 
this change elsewhere.!. Sometimes one or other of these members is 
not present. In external appearance, the specimens of diabase in your 
collections are not to be distinguished from the Michigan varieties. 

The upper portion has, in some places, undergone an extreme altera- 
tion; large parts of the bed have lost their amygdaloidal character, and 
now consist of masses of quartz, epidote, calcite, prelinite, chlorite and 
decomposed amygdaloid, associated in the most irregular manner. Such 
are the beds worked for copper on Keweenaw Point, and, to judge from 
the specimens sent, the same subdivision of the beds exists in Wisconsin. 

Under the microscope, the diabase is seen to have for primary con- 
stituents plagioclase, augite, and an opaque black mineral, which may 
be either magnetite or a titaniferous iron ore. The plagioclase appears 
from optical measurements to belong near oligoclase, in the feldspar 
series. It occurs in tabular polysynthetic erystals, whose long, narrow 
sections are scattered confusedly through the section, while the spaces 
between the crystals are occupied by augite; the augite in each space 
generally giving the integral polarization which indicates a single indi- 
vidual. In ordinary light, the augite is distinguishable from the plagio- 
clase by its very faint, delicate violet-gray color, and by its anastomosing 
cracks, The sharpness with which it fills the interstices between the 
feldspar crystals shows that it crystallized after them. 

The magnetite occurs in small grains, rarely with an appearance of 
erystal outlines. 

In the occurrences represented by the above description, the augite 
occupies a very prominent position; but there is another variety in 
which it occurs only as a very subordinate constituent and in mi- 
nute grains, whose contours are not determined by the feldspar crys- 
tals. This internal difference is accompanied by marked external char- 
acteristics; the rock is light or dark gray or black, very compact, and 
with a conchoidal fracture. This variety, which is generally almost 
unaltered, forms the traps of the “ Ash-bed ” series, on Keweenaw Point, 
and is represented by the lower part of Nos. 65 and 66, Eagle River 
section, while the lighter forms resemble the rocks east of the Hunga- 
tian mine, in Houghton county. To this variety belong: 9, University 
collection; 386, 393, 426 and 435, Strong collection; 7 and 8, Sweet 
collection. 

Melaphyr. Among the Wisconsin specimens from which I have 
cut thin sections, I have found but one variety of melaphyr; and that 
one is identical in all its characteristics, external and microscopic, with 


1 Metasomatic Development of the Copper-Bearing Rocks of Lake Superior. Proc. 
of the Amer. Acad. Arts and Sciences, Vol. XIII, p. 268 (1878). 
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the rock which, on Keweenaw Point, under the name of “ Zhe Green- 
stone,” extends as a high and picturesque ridge, with a vertical southern 
escarpment, from Point Keweenaw to near the Calumet mine. I can- 
not describe this rock better than by quoting, with slight changes, my 
former description of it from the paper already cited. 

“Tn its fresh state it is dark-green, or greenish-black, finely erystal- 
line, very compact, hard and brittle, and breaks with an uneven to 
semi-conchoidal fracture. The powder of the rock yields to the magnet 
a beard of magnetite. The specific gravity is 2.90-2.95. It is an im- 
portant characteristic of this rock, that its freshly fractured surface is 
mainly occupied by spots one-sixteenth to three-fourths of an inch in 
diameter, each of which reflects the light with a satin-like sheen. The 
reflection is not carried to the eye from all the spots at once; it is gen- 
erally necessary to change the position of the specimen many times to 
observe the different reflections. Aside from this sheen, there is noth- 
ing, either in difference of color or texture, visible to the naked eye, to 
betray the presence of these spots, which might be called lustre-mot- 
tlings. To the: naked eye, this phenomenon suggests, at once, inter- 
rupted cleavage of large individuals of one of the constituents, as the 
cause; but under a strong hand-glass, these reflecting surfaces show 
the same granular texture and character as the rest of the rock; and 
it is only when examined under the microscope, with an objective of 
low power and in polarized light, that the appearance to the unaided 
eye is corroborated. We here find the cause in the fact that each spot 
is the cross-fracture or cleavage of a crystal of pyroxene, which, in 
crystallizing, has enclosed hundreds of feldspar crystals. The weath- 
ered surface is rusty gray, scarcely one-fiftieth of an inch thick; but it 
is covered with knobs, which are due to the more rapid destruction of 
the materials between the pyroxene individuals. Examining thin sec- 
tions under the microscope, we find the constituents to. be plagioclase, 
pyroxene, olivine, and the alteration product of the latter, as well as 
magnetite, and an unindividualized substance, both fresh and altered, 
occupying interstices. In thin sections, the plagioclase is seen to exist 
in very sharply defined, and fresh, thin, tabular crystals, .001 to .002 
inches thick, and .01 inch and less long. It contains scattering inter- 
positions of an opaque black substance, and minute brown particles, 
which may be, or have been, glass. The crystals of plagioclase have pre- 
determined the contours of all the other constituents, except the olivine, 
which erystallized first. The predominating feldspar is near anorthite, 
as determined by the angle between the principal sections. Occasional 
exceptionally large individuals, evidently cut nearly in the plane 
zi, have their principal sections at an angle of 23°, with the edge O- ii, 

Vou. III.—3 
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which would indicate albite or labradorite. The augite is very fresh 
and transparent, almost colorless in the thin section, but with a tend- 
ency to purple-gray. An imperfect cleavage is indicated by somewhat 
irregular parallel fractures. It fills the interstices between the closely- 
packed individuals of feldspar in sucha manner that a single pyroxene 
erystal encloses many hundreds of these, while its crystalline integrity 
is shown by the uniform color in polarized light, and by the arrange- 
ment of the cleavage cracks throughout the area of the angite individual. 
It is a remarkable fact that, while these large individuals of pyroxene 
contain thousands of feldspar crystals, they enclose only very few of 
olivine or of magnetite. These minerals, together with the unindivid. 
ualized substance, are crowded into the spaces between the pyroxenes. 
In this intermediate space, which surrounds the pyroxene individuals 
with a continuous network, we find, also, a few small pyroxenes, just as 
isolated grains of olivine occur in the pyroxene areas. A careful ex- 
amination of this occurrence will, I think, convince the observer that, 
at the time the pyroxene crystallized, both the olivine and the feldspar 
crystals, and apparently the magnetite, were already individualized; for 
where we find any of these in contact with the augite, we find that the 
latter has adapted itself to the already detined contours of the others. 
While the augite enclosed the feldspar crystals with ease, it crowded 
the other constituents almost wholly into the surrounding spaces; a 
process which was facilitated by the presence of the then fluid unindi- 
vidualized substance. The magnetite is in irregular-shaped bodies, which 
mould themselves sharply around the contours of the feldspar and olivine. 
The olivine is abundant in grains and roughly outlined crystals, but as 
a rule, however fresh the melaphyr may otherwise be, the olivine is 
partly or wholly altered.” 

The best type of this rock in the Michigan copper district is bed No. 
108, Eagle River section; but, in a less conspicuous form, with the 
lustre-mottlings less than an eighth of an inch in diameter, and generally 
much altered, it forms a considerable portion of the trap-beds of Kewee- 
naw Point; and, to judge from the collections of the Wisconsin Geolog- 
ical Survey, it is also widely distributed in the Keweenawan area of 
that state. No. 400, of Mr. Strong’s collection, is a typical specimen. 
The first constituent to undergo a change is the olivine; and where this 
change has been accompanicd, as is usual, by a change of the ferrous 
oxide to the ferric state, the rock presents a true color-mottling, dark 
greenish spots corresponding to the augite areas, surrounded by red or 
dark brown alteration products of the olivine which abounded in the 
spaces between the augite crystals. In many instances, the whole rock 
has been permeated with the red iron-stain, giving it a rich liver. 
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brown color, as in No. 427 of Mr. Strong’s collection, which also con- 
tains pseudo-amygdules of chloritic substance. 

Coarse Grained Rocks. There are, among the collections of the 
Wisconsin Geological Survey, a number of specimens that, both ex- 
ternally and under the microscope, resemble some of the rocks which 
overlie the so-called “Greenstone,” or great melaphyr horizon, 108 of 
the Eagle River section, on Keweenaw Point. These rocks, with a tol- 
erably coarse grain, contain a very basic feldspar —Jabradorite or anor- 
thite — while the pyroxene shows every gradation in structure from au- 
gite to diallage. Thus, 93 (University collection) resembles the dark type 
of 107, Eagle River section; 158 (University collection) resembles the 
light type of 107, Eagle River section. These rocks seem to stand as a 
variety of diabase between diabase proper and gabbro. 

Another variety, No. 26 (Sweet coll.), and No. 202 (Irving coll.), is 
identical in character with No. 94, Eagle River section. It isa medium 
coarse-grained rock, externally resembling asyenite. To the naked eye, it 
appears to consist of red feldspar in elongated crystals, some of which 
show no striation under the hand-glass, and of irregularly-shaped spots 
of a dark-green chloritic substance, with more or less magnetite and 
particles of pyrite. Specific gravity, 3.76. 

Under the microscope, we find it to be much altered; its constituents 
_ stand revealed as oligoclase, and probably orthoclase, with augite or dial- 
lage, which is mostly altered to a dark-green chloritic substance; coarse 
apatite in numerous comparatively large crystals, and some magnetite. 
Besides these, there is considerable quartz, which occurs under condi- 
tions which make it appear to bea replacer of feldspar. The alteration 
resembles closely that of the rock of bed 94, Eagle River section, which 
I have described in the above mentioned paper. 

Gabbro. True gabbros are represented, in the collections sent me, 
by several specimens. Here belong, especially, 164 (University coll.), 
23 (Sweet coll.), 86 (Irving coll.), 158 and 6 (University coll.), 205 
and 206 (Irving coll.). In some specimens the pyroxenic constituent 
is associated with one or more kinds of amphibole; and while in 
some instances this last appears to be primary hornblende, in others, 
it is clearly a paramorphic product of the pyroxene. Thus specimen 
137 (University) contains a highly dichroitic hornblende which has 
the appearance of being a primary constituent; in addition to this, 
it contains, besides diallage, a true augite, which is associated with 
uralite, into which it appears to be changing. Here, too, belongs, 
perhaps, the exceedingly interesting uralitie rock, No. 119 (University 
coll.). This is an even and medium-grained dark green rock, which 
would formerly have passed for a typical granular hornblende rock. 
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Under the microscope, it exhibits tabular crystals of labradorite. The 
spaces between these are wholly occupied by a pyroxene, which is 
marked by a well-defined cleavage, but, perhaps, with less lamination 
than diallage, and this mineral is largely changed to uralite. The par- 
amorphic relation of the two minerals could hardly be better exempli- 
fied than in this rock. These rocks seem to belong with that described 
by Streng,' under the name Aorndblende-gabbro, as occurring on the St. 
Louis river at Duluth. The only rock of this class that I remember to 
have seen in the Keweenawan area of Michigan is near the center of the 
south half of Sec. 5, T. 45, R. 46, on Black river, where, to judge froin 
the condition under which it occurs, I think there can be little doubt 
of its post-Huronian age. 

On the Menomonee river (between Michigan and Wisconsin) there 
occurs, as the barrier rock causing the Sturgeon Falls and ®equenesec 
Falls and intermediate cataracts, a gabbro which also contains some 
hornblende, and in which the feldspar has changed to saussurite. The 
position of this rock, which I have observed at various points along a 
distance of twenty miles, is high up in the IHuronian, being No. XV of 
Major Brooks’ series. But it remains to be shown whether it is inter- 
bedded or whether it occurs as a dyke. 

There are two specimens, Nos. 96 and 187, University collection, that 
are very interesting as being intermediate between diabase and diorite. I 
have designated them as augite-diorite, since both the augite and horn- 
blende appear to be primary constituents. I know of nv rock in the 
Keweenawan of Michigan that in any way resembles these. It would 
be interesting to determine whether these rocks are intermediate strati- 
graphically as well as lithologically between the diorites of the Huron- 
ian and the diabases of the Keweenawan. 

The question of the relative ages of the various eruptive rocks of the 
Wisconsin-Michigan district is one of great interest. We have here 
vast areas of eruption occupied by rocks of every degree of acidity, 
and dating from Archean time. It is here, if anywhere, that the law 
of succession of volcanic rocks, established for the Tertiary eruptions 
of the Rocky mountains by Richthofen and King, can be tested upon 
these, the oldest known eruptions on the globe. Much remains to be 
done before this can be attempted. 

While the absolute identity of the diabases and melaphyr and of 
their varieties and amygdaloids, and of the interbedded porphyry con- 
glomerates of tlhe Wisconsin area with those of Keweenaw Point, is 
evident, I am struck by the comparative scarcity in the former of one 


1 Neues Jahrb. fiir Mineralogie, etc., 1877, p. 113. 
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of the most important forms of alteration that abounds in Michigan; I 
have found in the four collections but one instance of change of feld- 
spar to prehnite. 

The presence of pyrite in small grains in many specimens is also re- 
markable, because it may be said to be practically unknown in the 
rocks of Keweenaw Point. The very interesting rocks from Taylor’s 
Falls and the St. Croix river, are somewhat different from the Kewee- 
nawan rocks of Keweenaw Point. By some mistake, no sections of these 
were cut. But the rocks of that region have been elaborately described 
by Streng and Kloos.' 


MICROSCOPIC DESCRIPTIONS. 


[Norz.—U. M. stands for “ Under the Microscope."’] 


UNIVERSITY COLLECTION. 


No. 1. Obscure, but possibly a much altered diabase of the Kewee- 
naw series, indurated with quartz. 

No. 2. DrapasE; very compact, black, microcrystalline rock; con- 
choidal fracture. U. M.: labradorite in small strips; azgzte in small 
grains; green substance scattered in clouds of granular masses; re- 
sembles the compact rocks of the “ Ashbed series” on Keweenaw 
Point. 

No. 3. Red crystalline rock, showing to the naked eye a mass of red 
granular orthoclase, mottled with dark green. U. M.: orthoclase, 
often almost wholly changed to a colorless, nearly or quite amorphous 
substance; plagioclase (oligoclase or albite) in smaller individuals. 
The rock is impregnated with quartz, apparently secondary, chlorite 
and calcite, and stained red with ferric oxide. 

No. 4. Drasase; greenish, highly altered diabase. Sp. Gr. 2.86. 
U. M.: oligoclase much altered; augite in scattering remnants; ¢efan- 
iferous tron, mostly altered to an opaque, white substance. Secondary 
minerals are chlorite, epidote, quartz. 

No. 5. Obscure; both to the naked eye and U. M.: resembles a 
felsite. 

No. 6. Gaspro; coarse-grained rock. Sp. Gr. 2.89. U. M.: pla- 
gioclase, and apparently some orthoclase; augite, approaching diallage 
in structure. This rock resembles externally No. 205 (Irving), and a 
Keweenawan gabbro from Sec. 5, T. 47, R. 46, Michigan. 


1 Leonhard und Geinitz Neues Jahrb., pp. 31, 131, 225, 1877. See subsequent page 
of this volume, for a translation in full of Streng and Kloos’ description. 
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No. 9. Dranase; black, compact, fine-grained rock; sub-conchoidal 
fracture. Sp. Gr. 2.98. U. M.: oligoclase; augite, in aggregated 
grains; magnetite or titaniferous iron. 

No. 13. Uratinic Dranase; fine-grained, dark gray rock; conchoidal 
fracture; contains pyrite. Sp. Gr. 3.02. U. M.: oligoclase,y original 
hornblende, in twinned crystals; augite,; uralite, little magnetite. 

No. 22. Drapase. Sp. Gr. 2.85. U. M.: oligoclase; augite, little 
magnetite, some chlorite. 

No. 24. Rep Frersitic Porrnyry. 

No. 26. Psrupo-AmyGpatorpaL Dranase; typical Keweenawan. U. 
M.: anorthite, augite. Contains pseudo-amygdules of chlorite and 
calcite. 

No. 40. Dianase. Sp. Gr. 2.81. U. M.: labradorite; augite; pseudo- 
amygdaloidal chlorite. 

No. 63. Pseupo-Amyepatorpat Diazase. Sp. Gr. 2.90. U. M.: ol’y 
oclase, largely altered to chlorite, augite, abundant and fresh; magne- 
¢ite, in small irregular forms, apparently filling cracks; pseudo-amyg- 
dules of chlorite. 

No. 81. AtterepD Mertapiyr; very fine-grained; lustre-mottling of 
minute greenish spots, yy inch in diameter, surrounded by brown alter- 
ation products. U. M.: plagioclase, fresh, but the section too thick 
for measurement; augite, fresh; highly altered olivine. 

No. 87. Metarnyr; fine-grained; lustre-mottlings ~ to 4 inch in 
diameter. Sp. Gr. 2.87. U. M.: anorthite; augite, exactly as in 108, 
Eagle River section, and very fresh; chrysolite, mostly or wholly altered 
to the characteristic pseudomorphous substance; but little magnetite. 

No. 93. Diasase. Sp. Gr. 2.95. U. M.: anorthite; augite tend- 

ing to diallage; apparently a very little altered magma. Resembles 
somewhat No. 107 (dark variety), Eagle River section. 
_ No. 96. Avertic Drorite; fine-grained, dark-gray rock; externally 
appears to consist of feldspar and hornblende. Sp. Gr. 3,08. U. M.: 
oligoclase; hornblende mostly primary; augite, much broken; some 
magnetite. 

No. 119. Uraritic Gaspro; medium-grained, dark green rock; ex- 
ternally resembles a hornblende-rock. U. M.: labradorite; augite, 
mostly changed to wralite; some magnetite. While some of the mag- 
netite may be original, much of it is apparently connected with the 
paramorphic change from augite to uralite. Some of the hornblende 
may possibly be original. 

No. 134. Uraritio Gansro. U. M.: anorthite; augite; uralite,; 
chlorite. The anorthite contains the same parallel, short, rod-like in- 
clusions that abound in the Laurentian labradorite from Labrador. 
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No. 137. Ilornsirexpe-Gansro; fine-grained, dark greenish-brown; 
the glass reveals hornblende and a triclinic feldspar; weathers green 
and brown, and disintegrates to an angular sand. Sp. Gr. 3.21. U. M.: 
labradorite; original hornblende (highly dichroitic); augites uralite, 
diallages magnetite. 

No. 154. Frrsitic Porruyry. 

No. 155. Diortre or Diasasr; dark green, highly altered rock; por- 
phyritic, with thin tabular erystals of red plagioclase. Sp. Gr. 2.93. 
U. M.: almost wholly altered to quartz, chlorite and calcite; resem- 
bles the decomposed diabases of Marquette and L’Anse, Mich. 

No. 156. Avaitic Diortre? Sp. Gr. 3.07. U. M.: granular feld- 
spar; augite in grains and long individuals; hornblende it grains 
similar to those of augites magnetite. 

No. 157. Urarrric Gansro. Sp. Gr. 2.90. Medium-grained, dark 
rock, U.M.: plagioclase (labradorite), in long crystals, and seemingly 
another feldspar, younger and with undefined outlines; ezalite (mostly 
changed to chlorite and associated with quartz), occupying the wedge- 
shaped interstices; magnetite. 

No. 158. Uratitio Gansro. Sp. Gr. 2.81. Coarse-grained, light 
gray rock, consisting under the loupe of pearly white érzcl:nic feldspar, 
a dark green fibrous mineral and some magnetite. U. M.: plagioclase 
(labradorite), little diallage, and this mostly changed to uralite; 
magnetite? 

No. 159. Gassro. Sp. Gr. 2.85. U. M.: plagioclase (anorthite), 
diallage, magnetite, actinolite, apparently an alteration product of the 
diallage, and occurring as in the gabbro of Volpersdorf, in Silesia; a 
serpentine-like substance, apparently an alteration-product of diallage 
or actinolite. 

No. 162. Fexsrric Porrnyry. 

No. 164. Gassro. Fine-grained, dark gray, lustrous rock. Pearly- 
white, thin, tabular crystals of triclinic feldspar, $ to } inch long, and 
isolated flakes of brown mica lie in the fine-grained feldspar-augite 


matrix; weathers yellowish gray. U. M.: plagioclase (anorthite); «* 


diallage; magnetite, a little brotite. 

No. 168. Rep Fetsitic Porrnyry. 

No. 187. Averric Diorrrzr. Black, medium-grained. Externally, 
appears to consist of hornblende, mica, and a little feldspar. Resem- 
bles a lustrous hornblende-rock. U. M.: plagioclase (labradorite), 
abundant hornblende; some augite; magnetite; mica. Resembles 
96 (University). 
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IRVING COLLECTION. 


No. 65. Non-Qvarrzirerovs Porrnyry. Brown, with long thin 
plates of red feldspar. Sp. Gr. 2.75. U. M.: triclinic feldspar 
(oligoclase), much altered to aggregates of chlorite; some isotrope 
areas. 

No. 87. Quartz-Porruyry. Weathered brown; contains grains of 
quartz and crystals of red feldspar, highly altered to a light green 
substance. U. M.: felsttic base, with abundant grains of quartz, into 
which club-shaped masses of the base often project. The altered feld- 
spar grains still show feeble polarization, but are full of holes, and are 
partly replaced by a colorless mineral, which revolves brilliant between 
crossed nicols, with a minute aggregate polarization, haolin? 

No. 42. Similar to No. 37. 

No. 66. Ferusrric Porpnyry. 

No. 86. Gasnro. Resembles No. 205, Irving; very coarse-grained, 
light gray rock; thin broad erystals of triclinic feldspar; weathers 
gray, and shows the augite on the weathered surface. U. M.: labra- 
doritey the individuals often crushed and displaced, and the spaces 
occupied by fibrous aggregates of a green, slightly dichroitic mineral, 
uralite; augite occurs in exactly the same manner as the uralite, which 
is probably derived from it; magnetite or titaniferous iron. 

No. 112. Gansro. Coarse-grained, greenish rock. U. M.: plagio- 
clase, some orthoclase; magnetite or titaniferous iron; chlorite, prob- 
ably product of alteration of feldspar; hornblende. Jesembles the 
hornblende-gabbro of Sec. 5, T. 47, R. 46, Michigan. 

No. 180. Atrerep Dranase. Dark brown, easily cut. U. M.: no 
feldspar left; matrix changed to ferruginous lauwmontite, in which the 
real amygaloidal cavities are filled with dawmontite and some calcite. 

No. 1388. U.M.: essentially a mass of minute tabular feldspar 
erystals, of which some show twinning, stained brown with particles of 
iron oxide. Sp. Gr. 2.38. 

No. 139. Dranase. U. M.: labradorite; augites chrysolite altered; 
alteration-product of augite. 

No. 162. Quartz-Porruyry. 

No. 202. Drasasr. Coarse-grained, red rock, spotted with green. 
Externally it appears to consist of red, triclinic feldspar, dark green 
chlorite, some magnetite and a little pyrite. Sp. Gr. 2.76. U. M.: 
oligoclase, stained red; possibly some orthoclase; some diallage, but 
this is mostly altered to a dark green substance. The feldspar is col- 
ored red with iron, often impregnated with chlorite, and in places 
apparently replaced by quartz and chlorite. It contains apatite in 
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long crystals. It is similar to No. 26, Sweet, and resembles No. 94, 
Eagle River section, Mich. | 

No. 205. Gassro. Resembles externally No. 86, Irving. Sp. Gr. 
2.83. U. M.: labradorite [in sections cut at random in the zone 0:77 
the angle between the points of extinction of light ranged from 32° 
to 50°; a section cut independently and carefully parallel to O, gave 
12° to 14°]; orthoclasey augite; diallage, often in twinned plates. 
The diallage is perhaps a paramorphons product of the augite, of 
which it often forms the outer part to a considerable depth. Except in 
absence of hornblende, resembles the gabbro of Sec. 5, T. 47, R. 46 W., 
Mich. 

No. 245. Dranpase-Psevpo-Amycpa.or. Sp. Gr. 2.93. U. M.: olig- 
oclasey augite in aggregated grains; chlorite, in rare and sinall pseudo- 
-amygdules. 


STRONG COLLECTION. 


No. 809. QuartzirERous Porpnuyry. 

No. 316. Dranasg; fresh, very compact, and basalt-like rock. U. M.: 
oligoclase; augite in grains; particles of magnetite. 

No. 335. Drapase-Psevpo-Amyapatow. U. M.: labradorite or 
anorthite; augite occupying sharply the interstices between the feld- 
spars, more or less red-stained, and in places altered to a red product. 

No. 865. Metaruyr. U.M.: labradorite or anorthite; augite in 
large individuals enveloping the feldspar crystals; little or no mag- 
netite, red alteration-product of chrysolite. Resembles 108, Eagle 
River section, Mich. 

Nos. 379, 380, 381, 382, 383, 388. A series of rocks which, in a 
greenish-gray, fine-grained matrix, have a greater or less amount of red 
feldspar in porphyritic crystals, ~, and 4 inch in diameter, which have, 
at least in part, the striation of a triclinic variety. Sp. Gr. 2.90, generally. 
U. M., the large crystals show a polysynthetic structure, consisting 
of broad and narrow bands, while the ground-mass is made up of tab- 
ular crystals of plagioclase (oligoclase), actinolite, and grains of 
epidote; and pseudo-amygdaloidal chloritic substance. The rock 
has not much similarity to any Keweenawan occurrence that is known 
tome. Externally, it resembles somewhat, if I may trust my memory, 
a series of _Keweenawan rocks east of the Hungarian mine on Kewee- 
naw Point, which have not been examined under the microscope. 

No. 386. Drasase; black, aphanitic; conchoidal fracture. U. M.: 
oligoclasey grains of augite; magnetite; pseudo-amygdules of chlorite, 
with a little guartz. 

No. 393. Diasase; black aphanitic rock; weathers dirty gray. U. 
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M.: plagioclase, predominant; grains of augites; magnetite. Iesem- 
bles some of the “ Ash-bed ” traps, Keweenaw Point. 

No. 400. Merrarnyr. U.M.: augite, in large individuals inclosing 
countless small crystals of labradorite or anorthite, and many grains 
of chrysolite- mostly altered to a soft green substance; magnetite, 
chiefly in the spaces between the augites; pscudo-amygdules of chlo- 
ritic substance. Jtesembles exactly No. 108, Eagle [iver section, 
Michigan. 

No. 404. Drasase. U. M.: oligoclase; augite, filling the spaces 
between the feldspars, much of it altered to a green substance. Sp. 
Gr. 2.87. 

No. 426. Drasase; fine-grained, black rock; conchoidal fracture; 
weathers dirty-gray. U. M.: oligoclase, augite,in grains; hornblende 
in few small grains; magnetite. 

No. 427. Metarnyr; with abundant grains of altered chrysolite, 
producing a very red color. Sp. Gr. 2.90. U. M.: plagioclase and 
augite quite fresh; small pseudo-amygdules of chlorite. 

No. 429. Same as 427, Sp. Gr. 2.93. 

No. 485. Diarnase. U. M.: plagioclase; augite in small individ- 
uals; magnetitey resembles Ashbed traps, Keweenaw Point. 


SWEET COLLECTION. 


No. 7%. Dranase; very fine-grained, almost black rock, with econ- 
choidal fracture. Sp. Gr. 2.98. U.M.: plagioclase altered and ob- 
scure; augite in small grains; magnetitey impregnated with calcite. 

No. 8. Dranase-pskupo-aMyepaLomp. Sp. Gr. 2.84. U. M.: plagio- 
clase, porphyritic and in small erystals; awgite wholly altered. 

No. 11. Dranase; dark-green, fine-grained rock, much broken up, 
and having all cracks coated with chlorite. Under a hand-glass, erys- 
tals of triclinic feldspar and magnetite are seen in a dark-green matrix. 
Sp. Gr. 2.83. U. M.: anorthite; augite. The augite has been wholly 
altered, and each individual of this is now represented only by a network 
in which the meshes are occupied by a carbonate, while the reticulation 
is formed by a single individual of chlorite, which gives an integral 
polarization throughout the whole network of a former augite crystal; 
this chlorite usually shows strictly parallel cleavage cracks, though not 
very near together, and the mineral becomes dark when these coincide 
with a nicol-plane. In some instances (and there are then no cleavage 
cracks), the mineral remains dark through a revolution. It is therefore 
probably a uniaxial chlorite. The same change, thongh to a less 
degree, has affected the feldspar, with this difference, that here the 
chlorite product has the fibrous aggregate structure common to the 
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pseudo-amygdaloidal chlorite; and there is less chloritic product, and 
often only the carbonate. 

No. 12. Dyasase; fine-grained rock; conchoidal fracture; deli- 
eately speckled brown, and light and dark green. Sp. Gr. 2.97. 
U. M.: oligoclasey augites largely altered to a red transparent sub- 
stance, magnetite; pseudo-amygdules of light green epidote?; and 
a soft dark green chloritic substance, and some calcite. Minute 
grains which have a color and lustre of metallic copper, but which are 
perhaps due to a laminated structure of the alteration-product of the 
auite. 

No. 18. Drasase. U. M.: oligoclase; augite, large individuals, 
inclosing many feldspar crystals; perhaps a little chrysolitey magnetite; 
pseudo-amygdules of chloritic substance. 
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CATALOGUE OF COLLECTIONS EXAMINED. 


Specimens examined under the microscope are marked with a *. 
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(1) Near No. 4. 
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(2) Same place as No. 5. 


UNIVERSITY COLLECTION. 


Made by CoLtonen CuHas. WurtrLesey, 1880. 


NAME, etc. 


Potato river........ Obscure; possibly indurated 
altered diabuse. 


.| Potato river........ Diabase; resembles 65, Eagle 


River section, Keweenaw 


Point. 
Potato river........ Possibly Keweenawan, though 
unfaimihar to me. 
Tronton trail........ Diabase. 
Jronton trail.... ... ? 
Jronton trail........ Gabbro. 
.| Ironton trail........ Diabase. 
alsa de eeaceus de kieeaaeels Uralitic diabase, 
a er re ee Pseudo-amygdaloidal diabase. 
tile Av otun ne oisN wis Gaal Red felsitic porphyry. 
Montreal river, cross- 
ing of the Flambeau 
Pile assiiesce daa ste Green amyqdaloidal diabase, 
typical Keweenawan. 
Montreal river..... Diabase, typical Keweenawan. 
Fiambeau trail..... Diabase-pseudo-amygdaloid, 
Keweenawan type. 
Flambeau trail..... Green diabase, Keweenawan 
type. 
Flambeau trail..... Diabase, Keweenawan type. 
re ee eT ES Pseudo-amygdaloidal diabase, 
ee ee Pseudo-amygdaloidal diabase, 


Keweenawan type. 
Gogogashugun river.| Psevdo-amyqdoloidal diabase, 
Keweenawan type. 


Potato river........ Diabase, Keweenawan type. 

Potato river........ Diabase, 

Potato river........ Diabase, typical Keweenawan. 

Potato river........ Quartz-porphyry. 

Potato river........ Altered melaphyr, 108 type. 

Potato river........ Diabase, typical Keweenawan. 

Potato river........ Diabase, Keweenawan type. 

Potato river........ Pseudo-amygdaloidal diabase: 
Keweenawan type. 

Potato river......-. Melaphyr, 108 type. 

Potato river........ Diabase, Keweenawan type. 
Potato river........ Diabase, Kewcenawan type. 
Leeds wesc tmatones Diabase or gabbro; resembles 

107, Eagle river, Mich. 
Perrrrrrer rr er ere Augite-diorite. 
Cet Tae rer eee ee Diabase, Keweenawan type. 
palo We eoie pea Diabase, Keweenawan type. 
Pere eee eee Uralitic gabbro. 
a: biinisa db wrelw use eee slate Uralitie gebbro. 
ee ee eee Hornblende-gabbro. 
wc ee ee ne cree ccorees Diabase, typical Keweenawan. 
etree eee Felsitic prophyry. 
ere er ee Porphyritic diabase; altering 


in the direction of quartz, 
chlorite and calcite. 
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UNIVERSITY COLLECTION (WHITTLESEY) — continued. 


No. PLACE. NAME, etc. 
Or. Sec. | Sec. | T. | R. 

156% KE. side..| 15 | 45 | 4 W.f... ccc ce cee eee eee Augite-diorite ? 

Dit owteaees PO: AO BW oliver e a ose ae wate s esa Uralitic gabbro, 

Tos* Ss Beses) To [45:4 W ol cen ecw caeeoee seus Uralitic-gabbro. 

159*) No Weisel 22 | 40 1 A Willow eraceseusenane’ Gabbro. 

1G2F oun UA Be We Paco tin tient ane Sousa Felsitic porphyry. 

ee ree 22 | 45 | 4W.| Brunschweiler nver.| Gabbro. 

166 Vosiens 64 Co WADA A Wal iti cdc wena ste aes Diabase, Keweenawan type ? 

IGT [ncsiascee ld: | -45:| 4 OW eli eetk festuneeaie es Diabase, resembles traps of 
the Ashbed type. 

168? leeains ees 22 | 45) 4W.|..... Or rr Felsitic porphyry. 

TST iketese ees oS | 44|3W.| English lake ....... Augite-diorite. 


IRVING COLLECTION. 


45 -| Mouth of Tyler's Fork] Felsitic porphyry. 

45 -| Tyler's Fork........ Diabase-amygdaloid, typical 
Keweenawan. 

45 eer une out of 9 . 

‘yler's Fork...... uartz-porphyry. 

45 -| Tyler’s Fork........ Diabase-pseudo-amygdaloid, 
typical Keweenawan. 

45 re ee ee ea ae Non-quartziferous porphyry. 

A AW cheers cae eee tat Felsttic porphyry. 

B40 Woliciwingaewerdadwawas Gabbro. 

AAO Woslissievevinnteundetesa Diabase, Keweenawan type ? 

BAG WY ail is wate eae cet eee et Gabbro. 

44) OW i lisaiatiew se .een des ee Brown-amygdaloid; amyg- 
dules of quartz and epidote; 
typical Keweenawan. 

AG) A Wolawseeestesee eee. wks Sandstone, typical Kewee- 
nawan. 

A | OW. cloaca a sees Altered laumontitic diabase, 
typical Keweenawan. 

AC BWal, ateleeneee edhe From highly altered part of 
an aniygdaloidal diabase. 

Boy 2h WY ali acstere aeons oeceae wa eraaes Felsitic porphyry. 

AD) DB Wislsaeeesicntnecereou ss Laumontitic rock from a vein 
or highly altered amyg- 
daloid. 

BSB Wiha ices ek eee cawnaee< Brown-amygdaloid; calcite 
amygdules, 

AO VW a lewieee see -Aira sees. ? 

ADs 2 OW ol ewe casciiad sae cede, Diabase ; typical Keweenawan 

Boy OW a |e tbe eiaeaesh aoe gus eSeuisns Diabase-pseudo-amygdaloid, 
Keweenawan type. 

Bl 2 WW ol ereoeeteeaiseeeees Diabase-pseudo-amygdalcid, 
Keweenawan type. 

45.12 Wis eainewente ae nweeaee Aphanitic altered Diabase or 
melaphyr. 

Bt 2 WN aakta Weetaeaesioues Green diabase. 

BOW wl acess custacce ares Sarees Sandstone, Keweenawan type. 

AD ld W scsvaek aaa een yen Slaty sandstone, Keweenaw- 
an type. 

463) T Weelicccttantsawewecey es Quartz-porphyry. 

AGA OW olit Gia aie sialeS en marensend s Felsitic porphyry. 

AGH LW olictaaa are ceateewpare aes Granitic porphyry. 


Diabase. 


*@¢eetesceaeetse @eoacatiocoanovotisoaoeve @eveeiasovevoeseeneasnwvvneeenenne 
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IRVING COLLECTION —continued. 
ee SS 


No. PLACE. NAME, etc, 
Or. Sec. | Sec.| T. |) R. 

205%) N. E...| 32 | 45 {12 W.| Aminicon river..... Gabbro. 

206. 8. Heese] 29: 4812 W a leeaevisseseerssenkes Gabbro, 

207 | N. E 29. VES IES Wie les eedsawsecaae ceeees edie diabase, Keweemaw- 
an type. 

220: Vewueeae To) AT S14 WW aleiw ewe cee Sans oie ees Diabase-pseudo-amyqdaloid, 
typical Keweenawan. 

Coe Wewsee deg OS: f Ad AW esliaeeueeteeeeeesceee Melaphyr, 108 type. 

245%] NLW...1 27 [| 48 (LOW. |... 0. . eee ee ee eens Diabase, typical Keweenawan. 

20d boNe Weel 28: 4S OW. bee cors ass cede setecas Epidotic rock from highly al- 
tered portion of an amyg- 
daloid. 

STRONG COLLECTION. 

SON (nesta Cats eneeelsees| Saaees St. Croix Falls, Wis.| Probably melaphyr. 

Ae ener Perera) eras acres St. Croix Falls, Wis.} Epidotic diabase-amygdaloid. 

308 | N. W 12 SE NIG WA edenkeucweacaseus wen Diabase. 

S008 Ni Wise! 12> Id | 16 We. io eee es ose aw sccweere's Quartziferous porphyry. 

310 | S. E....] 16 | 43 | 7W.) Numakagon niver...| Diabase-amygdaloid. 

311 | 8. 16 | 43 | 7W.| Numakagon river...| Diabase. 

312 | 8. E 16 | 43} 7W.| Numakagon river...| Diabase-amyqdaloid; amyg- 

dules of orthoclase and epi- 

dote. 

Slo leeeghores 16 | 43 | 7W.| Not in place........ Diabase-amygdaloid. 

314 | N.W...| 6 | 43) 6 W.) Numakagon niver...} Déabase or melaphyr. 

316*| N.W...| 6 | 43 | 6W.) Numakagon river...| Diabase. 

317 | N.W...| 6 | 43 | 6W.| Numakagon river...| Diubase. 

318 | N.W...| 6 | 43) 6W.| Numakuagon river...| Diabase-amygdaloid. 

S20 eke oe eels 18.) 42 VIO Wilowdases ceca case ssee Diabase-amyqdaloid. 

321 | Cent. of.| 18 | 42 | lO W.|... ccc cece cece econ Melaphyr, similar to 108, Ea- 
gle river, Michigan. 

SIO Nee w iver wes OA: 1) 42 PLE Wl ceteeas bee et cele: Diabase. 

BOB |... cccess 20°: 42 TAL Welwa vase oa wanlcen sane Diabase. 

BIG. ls cea 2% er 24: AZ A Wileaies dtc ceieewer< ee Melaphyr, similar to 108, Ea- 
gle river. 

327 | N.E....| 13 | 42 | 10 W.| Totogatic dam...... Diabase. 

328 | S. W...| 12 | 42 |10 W.] Totogatic mver..... Diabase or melaphyr. 

329 | S.E....) 1 | 42 |10 W.) Falls of Totogatic...| Diabase-amygdaloid. 

330 | S. E....{ 1 | 42 [10 W.! Falls of Totogatic... a ad sinilar to 108, Ea- 
gle river. 

D2] cae aeen es PPA WN 5 | cca tantaiee wate inte ea iet Diahase-amygdaloid. 

BO. Vesahete ees Oe A: EIOOW cts cicem aaa vig eb ecictie Probably the representative of 


a porphyry conglomerate, 
and composed of the same 
material in a fine state. 
334 |S. W...; 6 | 42 |10 W.! Totogatic river..... Epidotie portion of a highly 


altered diabase-amygdaloid. 
355*, S.W...| 5 | 42 ;}10 W.| Totogatic river..... Diabase-pseudo-amygdaloid. 
SOG cae cues Oe AS OW Ne aoe ein cee os ea seig ates aets Dy Sase, with chlorite, 
BOT Wewestie eet O PAS A AOW shoteadeeated cana aitiics Diabase-tufu; similar to Han- 

cock beds, Portage lake. 
338 | Center. .| 4 | 42 |10 W.| Totogatic river..... Epidotic amygdaloid (diabase). 
SSN Baers 4 | 42 |10 W.| Totogatic river..... Epidotic rock, from a highly 

altered diabase-amygdaloid. 

SAO odaredctere:c GO E42 TO Ws a eeencateeuees ean Epidotic rock from a highl 

altered ‘abase-ajnyadaloud. 


B42 N. Bee) GC. 42 OW. ct sescaeees eee’ Epidotic diabase-amygdaloid. 
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STRONG COLLECTION — continued. 


No. PLACE, NAME, ete. 
Or. Sec. | Sec. | T. | R. 
343. | Center...) G6 | 42 |IOW |... ccc cece ee wees Epidotic diabase-amygdaloid. 
345 | N.W...]| 6 | 42 | 10 W.| Lower Falls of Toto- 
gitic river ....... Quartz. 

SAG. | NS Wessel! 86> (1°42 TOW ewe cee etaekies eee db Chlorite, 
ered. | aie suousiasshers 28 ARTO ocean: aaeeeiead yan Epidotie diabase-amygdaloid. 
eas eee eres AD AD ION clase anus seven sadeen 
a) ») 1 td 
oe d iaiee Raat ; a nH Me a alare se anouererdee ger Typical Keweenawan conglom: 
eel NL 8 [BHO Whole {| erufeand sandstone 
303 | N.E... Oo lo LP Wl ates eee eaters as 
oA Ne Bese co WA LOW oes sees oases eed elon we Diabase. 
3 ING Fatt a! PA OEAW choses tern cate Gy nares Diabase, 
306 | NL E....| 5 | 42 | LOW. |... ccc cee ne ce cenes Probably diabase proper. 
Bot dL oNe di wscl oo. a2 OWN ea a canes aria apes Probably diabase. 

OO |! Sa Wi wel 18) |) Abe OO Woalesass eeeteaelodeewes Eypidotic diabase-amygdaloid. 
360 |S. W.. ais a 5 Sk | 1s, Feces er ae Diabase-amygdaloid, 
SOP eS) Wiese) oe | ET OD Wilisa winciweusweweneed Diabase. 
OLD: lecere emote 23 ab) DW he fi vie a wate er esaces Conglomerate. 
DOI ise ees wale 114 | DAW a seseaaccau weeosend x Meluphyr. 
BOO? law wiawiece x Dh A BOW A iw witen ewe eee 84565 Diabase. 
DU 4 caverta eats | Ade OW clits eee sere Melaphyr or diabase proper. 
A a (eee ee sao Fe Willecd shen ek eee ecere 2 Diabuse-pseudo-amygdaloid. 
313-|- Be Weel dhe || B05| 18. Wacetesnwetuwee seeds cd Diabase-amyqdaloid., 
B74.) S. We al Te | 86) TS Wal esaeccd eee cee ece se Epidotie diabase-amygdaloid. 
Bid. | So Wiel UL 1 OO TS Wiles iacies tears waceass Diabase-amygdaloid. 
S10.t S. Wawel 1 80 (TS Wiliwicecmacs bs ceueak ‘E/pidotic diabase-amygdaloid, 
377 | Center. .} 18) | 36 JIS W.]...... eee e eee ee wee Diabase-amygdaloid, 
308 | Center, .| 18) | 86 | IS Wii... cc cece cece ce eee Diabase-amygdaloid., 
SION ING Bee's |) CO. 08 EET Wola wawiewa ee wena wade: Pseudo-amygqdaloid  (pseudo- 


amygdules of epidote, chlo- 
nite and quartz). This rock 
does not recall strongly any 
Keweenawan variety; but, 
to judge from memory, it 
resembles more nearly some 
of the beds east of the Hun- 

arin mine on Keweenaw 


oint. 

SoOt Sy Woes] 26° 1-30 UL Wielsdaiie’s Gacds seins Same rock as 379. 
OO | Ss Bedale: (OEP Wealecedstecsditawsecaks Same rock as 379. 
OO Da Le dele. WOR [Lk Woalinscha artes aceisesallecterieg Same rock as 379. 

BEL Ne Hees) 20 Wiel [old Wc lewwteeulens weteiamces Same rock as 379. 
34 <j Gel ZO PE TO Wels alata ere eraelirs siete Epidotic diabase-amyqdaloid. 
oe) : Wy. sek Ste | LU Wels awss ew ce epbetnh easels Epidotie diabase-amygdaloid, 
eG") NG Wesel 24 VB LT Wolves waiccsete iss ears eaten Diabase pseudo-amygdaloid. 
oo7 | 4Z post .| 28 | 87 | 1B Wi)... ee eee cee ewe Similar to 379. 
: 14 post .| 23 | 37 | 16 W.)...... 2 cee wareteidte mete Similar to 379. 
389 | 14 post .| 2B | 37 1 16 W.... 11. eee ee ee wees Sinnlar to 379. 
391 N. sol oes KOE. LON Joes eastiie oe useage Diabase pseudo-amygdaloid. 
OU | es Wee al 205 (| AZ LEW ale dees soisenaseweses Diabase pseudo-amygdaloid. 
OOS Se Wa eel 28) AQ LW ih owieresicrstiree cee dade ae Diabase pseudo-amygdaloid. 
BO | Ne Woeest 20. | 44.1 13 Woolas cvatinnecee odes 
397 | N. W...| 26 | 44 [IB W.)... eee eee Typical Keweenawan conglom- 
D081 Ne. Wiest 20. | S41 Wiles ee cer ocseuausus erate, 
309 | N. W...[ 26 | 44 [IBD WI... cc ecw ween eee : 
4007; N. W...1 2 | 44 [IS WA... cc ccc ccc cw cee Melaphyr (identical with 108, 

Eagle river). 

401 | No Wea) 2 | 44 (13 Wil secceecace ctw acca: Diabase pseudo-amygdaloid. 
402) || No Woes) 2) [44 [1S Wises esse cise cease Diabase pseudo-amygdaloid. 
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STRONG COLLECTION — continued. 


NO. PLACE. NAME, ete. 
Or. Sec. | Sec.| T. | R. 
B04) Ns Weel, 2°) AE AS: Wile ciensanG cewek: Diabase. 
405: 1) No OW al S44 AS Wee ecee Sates eesas Diabase pseudo-amygdaloid. 
406 | N. E 4) 4465 18 Wailea iets ware wast seas 4 Melaphyr (same as 108, Eagle 
river). 
410° | Ne Bessel 22. | 44) 18 Wialestecaeveeaviveucada Melaphyr (same as 108, Eagle 
nver). 
oe anes Ge [Aas Wales ane oc beh ereae Seder Meiaphyr. 
418° |S. Wes] Sl} 44 113 Wiliesaiae ces seueecase Diabase amygdaloid of highly 
419 | S.W...| 31 | 44 | IS WLI... cece ewes altered forms; resembles 
rtions of Pewabic and 
uron copper-beanng beds. 
B20 Ne Wess 28: 4S | EW Ande cows testes Be Melaphyr (similar to 108 Eagle 
river). 
423 | N. W...] 15) | 4B [14 W.].. ccc cece ee eee Diabase. 
420 VAN. Bes) DO PAR VIEW eve ceaiceseuh aden 5 Diabase-amygdaloid. 
426") Se Beseet O  1 43: | 14 Wee cues cies seus Cane Diabase? 
427) Oo Wawel Id: (| AS POW sec dieeendet enews Altered melaphyr. 
AOI) Se Was) 22.1048 1 14 Wile eed eee cas veia en Probably diabuse. 
AOL leas cei dalececelivedheaeuxe Falls of Chase brook, 
Douglas Uo....... Melaphyr(similar to 108, Eagle 
river). 
432") No Wesel 2 4 9 TID Wl icsiwwscsseeeeisdeas Melaphyr(similar to 108, Eagle 
river). 
43)"|' No Weasel 29) 1 39 119 W Acceso wssaseee sevens Probably dtabase. 


SWEET COLLECTION. 


i liaca Wain we tego saw we as Diabase. 
.| Percival mine, main 
Shaft .ccssseceoe. Diabase-amyqdaloid. 
sluddvacsista’s eeerew@avorsaty’ Laumontitic diabase-amygda- 
loid, 
ld aie Saale sees eeeainw Diabase pseudo-amygdaloid. 
.| Copper creek ....... Diabase pseudo-amygdaloid. 
.| Belt above No. 6....] Diabase (resembles Ashbed 
traps). 
.| Above No. 7, Copper 
creek mine....... Diabase pseudo-amygdaloid. 
.| Shaft No.3.... ... Epidotic portion of a highly 
altered amygdaloid. 
.| Niccolite mine...... Diabase amygdaloid (ortho- 


clase, chlonte, epidote, quartz, 
calcite in amygdules). 

.| Black river falls .. ..] Déabase. 

.| Fond du Lac mine ..| Diabase pseudo-amygdaloid. 

.| Percival mine, wall 

rock, east shaft...| Diabase. 


.| Middle river........ Diabase. 
zl aceals dana Siv ane eee coeme ee Diabase. 
Upper Black niver 
fallSic acess ecte Diabase. 
Gorge, Black river 
fallsccis cca cass Diabase. 
al cena ranted wie mnatisune are Diabase or melaphyr. 
.| Upper Black niver 
fallsaxcdsu weal ode Diabase-amygqdaloid; altera- 


tion-products of prehnite. 
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SWEET COLLECTION —continued. 


PLACE. 
Or. Sec. | See. | T. | R. 

N. W...-| 27 | 48 110 W.] Percival mine ...... 
Ne Bete, B23. aS ION cos wade ca cee c teeta 
8S. E....} 32. | 48 112 W.! Aminicon river ..... 
S. E....| 21 | 47 $14 W.| Black river falls .... 

re 2 | 47112 W.}| Wisconsin mine .... 

eaees 2 | 47113 W.] Wisconsin mine.... 
sibew Bee eoe-| 2 | 47 113 W.| Wisconsin mine..... 


NAME, etc. 


EY see 


Diabase epidotic amygdaloid. 

Gabbro. 

Diubase, tending to gabbro. 

Dinbase, 

Diabase. 

Epidotic portion of highly al- 
tered amygdaloid. 

Diabase-amygdaloid. 
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INTRODUCTION. 


The field work on which this report is based occupied parts of the 
seasons of 1873, 1876, 1877 and 1878; about six months in all. The 
total area of the district is only about 1,643 square miles, exclusive of 
the included portions of Lake Superior, so that this region has had pro- 
portionally a much longer time devoted to it than that whose geology 
I have described in a previous volume. The more extended time was 
demanded in this case not only by the enormous thickness of the for- 
mations included within the district, each having many subordinate 
members, for the most part composed of complicated crystalline rocks; 
but also by the economic interest attaching to two of the great rock 
systems, Moreover, the whole region is a wilderness, and, since the 
streams nearly all make too rapid a descent for canoeing, all investiga- 
tions have to be made on foot, and all provisions, instruments, camping 
utensils and rock specimens carried on the back. The amount of time 
consumed in this kind of work, and the fact that any one trip was 
necessarily limited by the amount of provisions it was practicable to 
carry, made it, of course, impossible to visit every section of land 
within the district. The trips were therefore planned so as to reach 
the most important points, and at the same time to traverse the country 
as thoronghly as possible. A brief account of the work of the several 
years is given below. 

The instructions received from Dr. I. A. Lapham, then chief geolo- 
gist, for the field season of 1873, the first of the survey, were as follows: 

MILWAUKEE, May 3, 1873. 

Dear Srrm: The governor having commissioned you as one of the assistants in the 
geological survey of Wisconsin, you will proceed to organize a party, and supply your- 
self with the necessary outfit and instruments, to explore the iron and copper ranges in 
Ashland county as soon after the first of June as possible. 

It will be your duty, besides examining the iron and copper ores, and their relations to 
the adjoining rock formations, with a view to discoveries in other districts, to note all 
facts throwing any light upon any of the special matters required to be considered in 


the law authorizing the survey. 
While it is not intended to prescribe in detail what you are to do, much in this respect 
being left to your own judgment and discretion, I may call your attention to a few 


points of special importance. 
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The relative age of the red sandstone, with its accompanying red shale, has not been 
fully ascertained, and hence all facts showing whether it is of the age of the Potsdam 
sandstone or not should be carefully noted. 

Whether the Azoic rocks are of different ages should be ascertained, the more crys- 
talline being supposed to be older than those of a slaty structure, etc. 

It is a matter of great importance to the mining interests to study the system of fold- 
ing of the strata, involving the question whether the iron beds continue to great depths 
into the earth, or whether they soon terminate. 

Note such facts as show the natural fertility of the soil; especially as indicated by 
actual cultivation, and by animal and vegetable products. 

You will not be required to collect in remote localities any more specimens than are 
needed for examination and analysis. 

Examine the surface deposits, the lake beaches, the drift strise, etc. 

Make barometrical measurements of the relative elevation and depression of the 
ground. 

It being obviously impossible to visit. every section or square mile in the country, you 
will so plan your routes as to be able to examine the points of greatest importance to 
the material interests of the state, extending your lines south of the Iron Range only to 
the region where the rocks are concealed by drift. 

Collect information relating to the former explorations and mining operations carried 
on in the districts examined. 

Upon the completion of your survey of Ashland county you will extend your work, 
overland if found practicable, into Douglas county, where the Copper Range will require 
special attention. 

Two months time will probably suffice for the examination of these two counties, 
leaving time to visit Black River Falls and such other points as may be deemed advis- 
able before the close of the working season. 

Upon your return to Madison, you will prepare a full detailed report, with the neces- 
sary maps and diagrams, having the same completed by the first of December next. 
Such portions of the report as are deemed suitable to the purpose, will be included, under 
your own name, as a part of the Annual Report of the Progress and Results of the 
Survey. 

When not engaged in the field work, you will, jointly with Prof. W. W. Daniells, 
take charge of the chemical analyses required by the law authorizing the survey, except 
such as relate to the mineral waters, selecting for that purpose such ores, clays, minerals, 
etc., as it may be deemed necessary to have analyzed. * *% © *® &  # 


Yours very truly, I. A. LAPHAM, Chief Geologist. 


In accordance with these instructions, the work began immediately 
after the first of June, and continued uninterruptedly until the middle 
of September. The following were the several trips of the season: 
(1.) Along the line of the Wisconsin Central Railroad (then unbuilt), 
to Penokee Gap in Sec. 14, T. 44, R. 3 W., where some time was spent 
in detailed examinations, with excursions along the Penokee Range 
westward to its extremity in T. 44, R.4 W., and eastward to Mt. Whit- 
tlesey, in T. 44, R. 2 W.; from Penokee Gap to the old Ashland mine 
at the junction of Bad river and Tyler’s Fork, Sec. 17, T. 45, R. 2 W.; 
thence by raft down Bad river to the falls at Leihy’s mill, Sec. 25, T. 
47, R. 3 W.; thence by boat down the river to the Indian village of 
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Qdanah; and thence through the Kaukangon to Ashland. (2.) By 
boat around the several islands of the Apostle group, and along the 
whole coast of Bayfield county from the head of Chaquamegon Bay to 
the Douglas county line, the object being the examination of the red 
sandstone so constantly exposed on these coasts, as also of the overly- 
ing red Quaternary clays. (3.) From Ashland, along the line of the 
railroad to the Maringouin river in See. 36, T. 46, It. 4 W.; thence up 
that stream to Roelm’s clearing, in Sec. 32; thence across sections 6, 9, 
S,9 and 17, T. 45, R.4 W., to the Brunschweiler river in See. 22; 
thence down that stream to See. 11; thence, the party dividing, up the 
Brunschweiler to Sec. 36, and southeast from here to English lake, 
also through the western and southern parts of T. 45, R. 3 W., to 
English lake; thence across to the lower end of Bladder lake; thence 
down the Brunschweiler to the point reached before; thence to the 
head of Bladder lake; thence across T. 44, R. 4 W., to the Huronian 
ridges in T. 44, R.5 W.; thence, following these ridges, to the west line 
of this township; thence north to the southwest corner of T. 45, R. 5 
W.,; thence diagonally across this township to Roehm’s clearing in Sec. 32, 
T. 46, R. 4 W.; thence north to the rapids of White river, Sec. 6, T. 
46, R. 4 W.; and thence north to Ashland. (4.) From Bayfield by 
boat to the mouth of the Montreal river; thence wa the old Ironton 
trail to the Potato river, in Sec. 15, T. 46, R. 1 W., with excursions 
from here up and down the river; thence, va the same trail, to the pas- 
sage of Tyler’s Fork through the Iron Range in Sec. 33, T. 45, R. 1 W.; 
thence along the Iron Range to the east line of R. 1 E.; thence 
back along the Iron Range to the gorge of Tyler’s Fork; thence along 
the Iron Range to Penokee Gap, T. 44, R. 3 W.; and thence along the 
railroad line to Ashland. In the middle of the season I was myself 
incapacitated by a severe rheumatic fever, and the work was continued 
by my assistants, Messrs. Sweet and Jenney, during the remainder of 
the time. The greater part of the ceeason was spent on the Penokee 
Range, in sampling and examining the outcrops of ore. It will be seen 
that the instructions given above assign only one month for what had 
thus taken three and a half months and was yet incomplete. The work 
in Douglas county, indicated in the letter of instructions, had not yet 
been entered upon. This was now assigned to Mr. Sweet, on account 
of my continued ill-health, and the results will be found in his 
report. 

In 1876, a month was spent in this region, the first half of the time 
being given to a detailed magnetic and topographical survey of the vi- 
cinity of Penokee Gap, with a view to a more exact determination of 
the subordinate structure of the Huronian series, whilst during the 
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latter part of the time a trip was made along the Montreal river from 
its mouth to its passage through the Iron Range. 

In 1877, the month of August was devoted to a detailed examina- 
tion of the Iron Range from Bad river to Potato river, with incidental 
observations on the more northern formations. In October of the 
same year, Professor Chamberlin extended this examination eastward 
to the state line. His results are included in this report. The exact 
extent of his work is indicated on Atlas Plate XXVI, and in those 
portions of the text based on his notes. 

In 1878, Professor A. D. Conover made an excursion, under my in- 
structions (chiefly with a view to adding to the collections of speci- 
mens), up the Montreal to the mouth of the Gogogashugun; thence 
across to the Potato at the crossing of the Ironton trail; thence down 
to the falls of that stream, where a detailed map of the exposures was 
made; thence southward to the southeast corner of T. 45, It. 2 W.; 
thence west three miles; thence northward to Tyler’s Fork; and thence 
down that stream to its junction with Bad river. 

In 1875, Dr. O. W. Wight, then chief of the survey, employed Mr. 
C. E. Wright, of Marquette, Michigan, now Commissioner of Mining 
Statistics to the State of Michigan, to make an examination in the 
vicinity of Penokee Gap. Subsequently the same gentleman was em- 
ployed by Professor Chamberlin to extend his examinations along the 
western portion of the Penokce range. Mr. Wright’s report and mine 
then cover in part the same ground. Ile, however, extended his ex- 
aminations to the west, beyond the limits of my district, and, more- 
over, my later detailed examinations were not extended west of Penokee 
Gap. What he reports on in detail, therefore, I only cover in a gen- 
eral way, for the sake of showing the connection of the several subor- 
dinate members of the Huronian with their more eastern extensions. 
It is, of course, not unpleasant to me that Mr. Wright’s views coincide 
in every respect with those I had previously expressed as to the value of 
the Penokee ores; a dissatisfaction with the unfavorableness of my first 
year’s report (never published), on the part of the citizens of Ashland 
county, having been, in fact, the cause of Mr. Wriglit’s employment 
for this work. 


A large portion of the formations of this district being composed of 
erystalline rocks, often peculiar and very fine-grained, it became neces- 
sary to have recourse to the modern methods of microscopic analysis. 
A set of the crystalline rocks of the Keweenawan series from the 
several districts of northern Wisconsin was sent to Professor Raphael 
Pumpelly, who had had extended experience in the Michigan region, 
and who was, in fact, the only scientist having any minute ac- 
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quaintance with these interesting rocks. Ile returned the specimens 
named, with brief microscopic descriptions of a number, as also the 
thin sections upon which these descriptions were based. The exact 
nature and extent of his work will be understood from his report in 
this volume. To Mr. A. A. Julien, of New York, was sent a collec- 
tion of eleven specimens, chiefly from the Huronian. He returned 
detailed microscopic descriptions of these, also with the thin sections. 
Tis descriptions are given in an appendix to this report. In addition to 
this, I have myself examined about two hundred thin sections, having 
during the past eighteen months familiarized myself with this new 
method of investigation. This extended work was needed in order to 
throw ledges of fine-grained rocks into their proper stratigraphical 
positions, as also to cover a number of varieties not represented by the 
collections sent Mr. Julien and Professor Pumpelly. My own work has 
been chiefly on the Laurentian and THuronian, and the gabbros at the 
base of the Keweenawan System. J*rom the statements in the text, and 
from the accompanying reports of Messrs. Pumpelly and Julien, it 
will always be evident on whose authority microscopic descriptions are 
given. The microscopic plates herewith were all drawn under my im- 
mediate direction, and include some of the slices described by Messrs. 
Pumpelly and Julien, as well as those exclusively examined by myself. 


North Wisconsin was visited over two hundred years since by the 
French Jesuit fathers, who have left their traces all around Lake Supe- 
rior in the shape of Trench geographical names. <A settlement was 
made on one of the Apostle Islands by Father Claude Allouez as early 
as 1665. Many references to the Lake Superior country, including also 
portions of Wisconsin, are to be found in the “Relations” of these 
Jesuit fathers, which were published in France between the years 1632 
and 1672, and which contain, along with many geographical details, ac- 
counts of the earliest mineral discoveries. A map published in Paris 
in 1672, of which a fac simile is to be found in Foster and Whitney’s 
U.S. Geological Report, represents with general accuracy the entire 
coast of the lake. 

A report to the secretary of war by John Stockton, “On the Condi- 
tion and Government of the Mineral Lands of Lake Superior ” (pp. 22), 
published at Washington in 1845, has some brief references to the 
geology of Ashland county. The same is true of a brief report “On 
the Copper Mines of the Montreal River,” made in 1845 by James T. 
Hodge to some private parties, and published afterwards in a pamphlet 
of nineteen pages. Foster and Whitney give a section along the Mon- 
treal river, but their district stopped at the Wisconsin line. 
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The only geological examinations of this region, however, previous to 
those on which this report is based, and deserving the name, were those 
of Colonel Charles Whittlesey, of Cleveland, Ohio. This gentleman 
was connected with Dr. D. D. Owen’s U. S. Geological Survey of 
Wisconsin, Iowa and Minnesota, and in this connection examined the 
Bad river country in 1848. The results are given in Dr. Owen’s final 
report, published at Washington in 1852. In 1860 (August to October), 
Colonel Whittlesey engaged in another geological exploration in Ash- 
land, Bayfield and Douglas counties, on part of the geological survey 
of Wisconsin, then organized under James Hall. IlIis report, presented 
to Professor Hall in the ensuing year, was never published, on account 
of the stoppage of the survey. A suite of specimens collected by 
Colonel Whittlesey during these explorations is at present preserved in 
the cabinet of the State University, at Madison, and it bears testimony 
to the laborious manner in which that gentleman prosecuted his work. 
Although his report was never published, he has issued a number of 
pamphlet publications giving the main results obtained by him. A 
list of these, together with full extracts from some of them, will be 
found in an appendix to this report. In the same appendix I have had 
reproduced a geological map of the region, prepared by Colonel Whit- 
tlesey in 1860. A photographed copy of this map was sent to me in 
1873, and at my request the original map was furnished to the litho- 
graphers in 1878. From this appendix, which I have made thus full, 
since Col. Whittlesey’s publications are so scattered, it will be possible 
to ascertain the amount and nature of the work that preceded mine, and 
of which mine must, in a measure, be regarded as a continuation. It 
is only necessary to add that, while in many points I differ very widely 
from him in my conclusions, it is evident enough that Colonel Whit- 
tlesey caught the main geological features of the region. It should be 
remembered that at that time the country was largely without the gov- 
ernment sectional surveys, and that there was no knowledge whatever 
of the lithology of the Lake Superior formations. 


As in my report on the Geology of Central Wisconsin, I give here 
also parenthetical numbers referring to the type lithoiogical specimens 
of the geological survey collections. 

All chemical analyses given, except where it is otherwise stated, are 
by Professor W. W. Daniells, chemist to the survey. 

During the season of 1873 I was aided in the field work by Mr. E. 
T. Sweet, now of Silverton, Colorado, and by the Jate Mr. F. B. Jenney. 
of New York. In 1876, Mr. Frank Brotherton, of Escanaba, and in 
1877, Mr. Paul B. Wood, of Peshtigo, both expert woodsmen and 
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surveyors, aided me in the field. In draughting, I have been assisted 
by P. L. Norman, S. W. Tullock, Magnus Swenson, and F. T. Bern- 
hard; the last named rendering his services gratuitously. My. Thomas 
Barden, of Ashland, has aided me greatly by collecting specimens 
and making chain measurements in the vicinity of Penokee Gap. 
C. R. Vanhise has made, gratuitously, anumber of specific gravity and 
analytical determinations fur me in the University laboratory. 


R. D. I. 


UNIversity OF Wisconsin, February 25, 1879. 
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CHAPTER I. 
TOPOGRAPHY. 


GENERAL TOPOGRAPHICAL SUBDIVISIONS AND SURFACE RELIEFS. 


That portion of Wisconsin which borders Lake Superior is traversed 
by two parallel belts of high and ridgy country, about thirty miles 
apart, between which lies a trough of lower land, which occupies a 
true synclinal depression. The northern one of these, in part almost 
® mountainous belt, extends from the Minnesota line east-northeast 
through northern Douglas county into the Bayfield peninsula, whose 
existence, as also that of the group of islands beyond, it has un- 
doubtedly determined; while the southern belt is the westward con- 
tinuation of the high land which forms the back-bone of Keweenaw 
Point, and skirts the lake shore from the eastern extremity of that 
point, southwestwardly to the Wisconsin line. 

During most of its course, before reaching Wisconsin, the latter belt 
is flanked on the south by a lower and level country, the extension 
westward of the depression of Keweenaw Bay, to the south of which is 
yet another highland belt, which itself merges into the elevated but 
not ridgy country of granitic and gncissoid rocks that forms the water- 
shed between the northward-flowing tributaries of Lake Superior and 
those that run southward into Lake Michigan and the Mississippi. 
Before reaching the Wisconsin line, however, the ridges to the north 
and south of the Keweenaw Bay depression have met and joined, form- 
ing one broadened mass of high Jand, which, at the Montreal river, has 
a width of about twelve miles from the Jake shore southwestward to 
the elevated granitic region of the interior. Moreover, immediately 
after crossing the Montreal into Wisconsin, the lake shore takes a sud- 
den bend, nearly at right angles to its former direction, as a result of 
which the highland, continuing on its southwesterly course, recedes 
from the Jake shore, leaving in front a rapidly widening lowland, the 
eastern end of the synclinal valley which extends ail across northern 
Wisconsin. 

-Of the Bayfield ridge, the northern side of the synclinal, the district 
now described includes only the extreme eastern portion where it 


MAP OF THE 


SUPERIOR DISTRICT 


designed to show the 


MAIN TOPOGRAPHICAL 


EASTERN LAKE 


FEATURES 


Roland, D. Irving 1878. 


St Crotx River 


Syst 


System, 


wer DVSCOMS,. 


= 
00 
eo) 
oe) 

U 
Ee 


Digitized by Google 


TOPOGRAPHY. 61 


descends to the lake, forming the coast of Bayfield county. Continuing 
beyond, however, in the same line, we find the Apostle group of islands, 
which, while without any considerable elevation above the lake, are 
really an extension of the Bayfield ridge, with which they have an in- 
timate geognostical as well as topographical relation. 

Briefly, then, our district, having a total land area of about 1,643 
square miles, divides naturally as fullows: (1) an elevated intervor, lying 
north of township forty-two and south of the Penokee Iron Range, with 
an area of about 586 square miles; (2) a ridge or mountainous belt, 
lying immediately north of the preceding, varying in width from about 
twelve miles on the east to about six on the west, and having a total 
area of about 346 square miles; (3) a dowland areca, extending from 
the foot of the highland to the lake shore, and around the head of Cha- 
quamegon Bay to the Bayfield ridge, with an area of about 400 square 
miles; (4) Zhe Bayfield highland, extending well to the lake shore 
all around the peninsula, with an area of about 234 square miles; and 
(5) the Apostle Islands, twenty-four in number, with a total land area 
of about 77 square miles. The relative sizes and positions of these 
several subdivisions will be best understood from the sketch map, Plate 
XI. <A few words are given below to each subdivision. 

Elevated Interior. The region south of the Penokce Iron Range, 
which forms the southern rim of the ridge or mountainous belt, has a 
level to gently undulating surface, with an average altitude of 900-950 
feet above Lake Superior, the extremes being about 750 and 1,100. 
From the crest of the Penokee Range, with an average altitude of about 
1,000 feet, southward, there is generally a descent of from 100 to 300 
feet within a quarter to half a mile. Thence further southward, the 
ascent is very gradual to the watershed, which is a very irrecular Line, 
with an average altitude of about 950 to 1,050 feet. From the water- 
shed southward, the slope is exceedingly gradual, and the country for 
many miles preserves the same general altitude, having a surface with- 
out any considerable ridges, but much diversified in minor detail by 
drift knolls and kettles, the latter producing the myriads of small Jakes 
which characterize this region. Where the Wisconsin Central Railway 
crosses the watershed, near the east line of Sec. 27, T. 43, R. 11 W., the 
altitude is 948; but thence southward, it continues above 900 until the 
Flambeau river is reached, in Sec. 24, T. 40, R. 1 W. The railroad 
crosses the watershed at a comparatively low place, the height being 
greater both to the east and west. Dr. Norwood, in Owen’s report on 
Wisconsin, Iowa and Minnesota, gives an altitude of 1,183 fee: fora 
point on the divide on the Flambeau trail, in township forty-three, 
Lincoln county. 
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The surface of this interior region is largely occupied by tamarack and 
cedar swamps, which, for the portion included in our district, cover 
more than half the surface. In these swamps, some of which have an 
area greater than that of a township, head the tributaries of Lake 
Superior and the Mississippi river, the waters of the same swamp not 
unfrequently flowing in both directions. So interlocked are the streams 
of the different drainage systems, that the governmert surveyors have 
frequently been at fault in deciding to which system the smaller 
streams should be assigned. Throughout most of this area, which is 
everywhere underlaid by granitic and gneissoid rocks, rock ledges are 
rare, on account of the large swamps and heavy accumulations of drift. 
In the northern portions, however, rounded domes of pinkish granite 
are occasionally found, and along the stream valleys near the Iron 
Range, cliffs and ledges of dark-colored, amphibolie and chloritic 
gneiss not unfrequently appear. 

The Ridge or Mountain Belt. In passing northward from the 
high interior, a belt of country is crossed which is occupied by anum. 
ber of parallel ridges that constitute, as it were, a series of steps down 
to the lowland skirting the lake. These ridges are often bold, and even 
precipitous, showing cliffs and ledges of rock in every direction, while 
the streams are very rapid, and have their courses constantly broken by 
chutes and falls, the whole area thus contrasting greatly with the low- 
land on the north, and the swampy region on the south. The bands 
of deep color which cross the middle of Atlas Plate XXII cor- 
respond nearly exactly with the position of the ridge belt, while the 
lighter colors to the north and south show the more level areas. The 
several ridges that make up the belt, as also the valleys between them, 
follow directly the strike of the rocks; and the same peculiarity is, of 
course, shown by the streams, while even the larger rivers that break 
through from the swampy region on the south show a constant tend- 
ency to make excursions to the right or left along the strike, from 
which they return from time to time to resume their northward courses. 
These digressions run all the way from a few rods to ten miles, and are 
much more numerous than shown on the best maps, the government 
surveyors having located the streams only at the crossing of section lines. 

Three principal ranges, known as the Penokee Iron Range, the Gran- 
ite Range and the Copper Range, have been recognized as making up 
the ridge belt. The two latter are not well defined from each other; 
but still, having direct relation to the geological structure, the group- 
ing becomes a convenient one, and is here retained, with the substitution 
of the term “Gabbro Range” for “Granite Range,” since the granite 
is comparatively unimportant in the structure of the ridge. 
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Along the northern edge of the interior table land, the Penokee! 
Range presents itself as a sharply defined ridge, often rising abruptly, 
or even precipitously, 100 to 300 fect from the lower ground to the 
southward, though at times, especially near the eastern end of the range, 
swelling up much more gradually. On the north, the range is never 
so steep, but is still always well defined, falling off in sume places over 
300 feet within a mile; the difference between north and south sides 
being due chiefly to the fact that the rocks coinposing the ridge dip 
northward, but also in part to the fact that the northern slope has ar- 
rested a considerable quantity of glacial drift. The crest, and indeed 
the mass of the ridge, is nearly all along made up of quartzose rocks 
carrying more or less specular iron, and it is wholly to the hardness and 
power of resisting chemical action possessed by these rocks that the ridge 
owes its existence. Moreover, a close connection can be drawn between 
the variations in direction, shape and width of the ridge, and the varia- 
tions in strike, dip and mineral character of the belt of rocks which 
make it up; for the course of the range follows always the strike of the 
rocks, the steepness of the northern slope being frequently decreased or 
increased by the decrease or increase in the ainount of northern dip. 
A lessening in amount of quartzose material, or the introduction of 
softer layers, often causes a lessening in the width of the ridge. 

The Penokee Range is, in general, much higher than the ridge to the 
northward of it, and, from the few high points where the thick forest 
does not prevent, Lake Superior can readily be seen; while from the 
lake, at a distance of from ten to fifteen miles from the shore, the crest 
of the range shows as a blue line against the sky, coming to an 
abrupt end towards the west, where, in T. 44, R. 4 W., it drops down 
suddenly some 200 to 300 feet. A nearer view is much harder to get; 
indeed, it is only very rarely that the dense forests of the region permit 
one to see a distance of more than a few rods. Quite a view can be 
obtained, however, from a point on the Wisconsin Central road, about 
two miles south of Penokee Gap. Ilerea heavy “ windfall,” over a mile 
in width, crosses the track, and permits one to see the crest of the Pen- 
okee Range to the northward, trending a number of miles east and west 
and alternately swelling into high peaks and sinking into gaps. A very 
much better and more instructive view, of the north face of the range, 
is obtainable from the top of a mass of rock which rises abruptly 170 
feet from the low ground at foot, on the west line of the northwest 
quarter of Sec. 11, T. 44, R.3 W. From here, one sees the range for 


1It will be seen from appendix A, that the term Penokee originated in a printer's 
mistake for Pewabtc, a Chippewa word, meaning iron; but Iong usage has so fixed the 
name that it does not seem wise to try to change it. 
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some eight to ten miles east from Bad river rising abruptly 200 to 500 
feet into a narrow serrated crest, whose highest points in sight are 
nearly 1,200 feet above Lake Superior. Another wide view, the most 
extended I have met in the whole region, is obtainable from the crest 
of the Penokee Range itself, where the great windfall crosses it, near 
the north line of Sec. 18, T. 44, R. 2 W. From here, the western ex- 
tension of the ridge from Bad river is seen to be very high and well- 
defined, one point, on about the north line of Sec. 17, T. 44, R. 3 W., 
jutting northward from the rest of the ridge in an especially prominent 
manner. From the same point, Lake Superior, the Apostle Islands, 
and the Bayfield ridge, with much of the intervening country, are 
plainly visible, as well as a wide stretch of the swampy region to the 
south. 

In altitude, the Penokee Range varies from 900 to about 1,200 feet, 
and in breadth, from a mere crest a few rods wide to a broad, rounded 
swell, a mile across; the latter feature being characteristic of its eastern 
portions as it approaches the Montreal river. Upon the accompanying 
special maps of the Huronian series is given an outline of the crest of the 
Penokee Range for a considerable distance, with a number of natural 
scale cross-sections, which will serve to convey more definite ideas with 
regard to its character at different places. A few details are added 
here — beginning on the east —which should be consulted with the 
atlas plates in hand. 


The Montreal river crosses the range in the S. E. quarter Sec. 24, T. 46, R. 2 E., in quite 
0 wide and shallow valley. On the west line of Sec. 24 the ridge is quite flat, having 
gentle slopes either way; the summit, near the southwest corner of the section, having 
a, width of 400 paces, and rising to an altitude of 1,040 feet above Lake Superior. For 
half a mile northward, the descent is only 60 feet. All along the south line of Sec. 23 
the ground is nearly level, not varying 40 feet. On the west line of Sec. 26, the top of 
the ridge is near the quarter-post, with an altitude of 1,060 feet; half a mile both north 
and south, the ground is only 90 feet lower. In the south half of Sec. 27, the Gogoga- 
shugun, the main tributary of the Montreal, crosses to the northward in a narrow rock 
gorge, with steep hills on the west side and a much more gradual rise on the east. 
Where it crosses the south line of Sec. 27, the Gogogashugun has an altitude of about 
980 feet. West of this river, we find the ridge having the following course and alti- 
tudes: crossing the south line of Sec. 27, 400 paces east of the southwest corner — alti- 
tude 1,080 feet, and 100 feet above the Gogogashugun; passing near the center of Sec. 
32 — altitude 1,100 feet; leaving Sec. 32 near the southwest corner — altitude 1,060 feet; 
crossing the west line of Sec. 6, T. 45, R. 2 E., 400 paces north of the southwestscorner — 
altitude 1,100 feet, from where the descent northward is about 100 fect in half a mile, 
the ridge now beginning to be more sharply defined; crossing Sec. 1, T. 45, R. 1 E., to 
the south quarter-post, where the altitude is 1,100 feet; leaving Sec. 11, 300 paces north 
of the southwest corner — altitude 1,100 feet, and descent 100 feet to the west quarter- 
sost; crossing the south line of Sec. 10, 300 paces east of the quarter-post — 1,140 feet, 
and descent to the southwest corner 190 feet; leaving Sec. 15 at about the west quarter- 
post, where the altitude is 1,140 feet, and where the descents to the northwest and 
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southwest corners are respectively 200 and 100 feet; and leaving Sec. 16 near the south- 
west corner — altitude 1,120 feet, and descents within haif a mile north and south, re- 
spectively, 200 and 70 feet. 

On the west line of Sec. 20, the Potato river crosses the Iron Range in a narrow valley 
over 150 feet deep, with high clitts of rock on the east side. Where the west line of Sec. 20 
crosses the Potato. 6 )) paces north of the southwest corner, the river surface is 950 feet 
above Lake Superior. Thus far, the range, though for some time it has been growing 
more prominent, has shown only rare and small rock exposures. From the Potato 
westward, it continues to become more prominent, and the rock exposures more 
and more numerons, especially near the summit. At the southwest corner of Sec. 19, 
the top of the ridge has an altitude of 1,090 feet, and in Sec. 25, T. 45, R. 1 W., one of 
1,120 feet, at 700 paces south of the north quarter-post, at which the altitude is 1,023 
feet, the crest being quite narrow. Farther east, the crest-line crosses the section lines 
as follows: west line Sec. 25, 200 paces south of the quarter-post — altitude 1,150 feet; 
west line Sec. 26, at the southwest corner — 1,195 feet. 

In the N. W. quarter of Sec. 34, numerous deep ravines, setting down towards the 
Tyler’s Fork branch of Bad river, indent the north face of the ridge. On the west line of 
Sec. 34, Tyler's Fork passes the Iron Range in a deep valley similar to that at the passage 
of the Potato, but having at the bottom a narrow rock gorge, with a series of water-falls. 
Above the falls, 200 paces north of the west quarter-post of Sec. 34, the mver surface is 
860 feet above the lake. Sec. 33 is crossed from about 200 to 300 paces north of the east 
quarter-post, to 215 paces north of the southwest corner; 600 paces north and 150 south 
of the east quarter-post, the crest of the ridge is at 910 feet altitude, and on the west 
line of the section, 972 feet, with a fall to the northward of a hundred feet within a 
quarter of a mile. Half way across Sec. 33, on the north slope and near the top, is one 
of the large exposures of magnetic schist which, from here westward, continue almost 
constantly to mark the crest of the range. It is 200 feet long and 20 fect high. West- 
ward from here, we find the crest line crossing the south line of Sec. 32, 100 paces east 
of the quarter-post — altitude 1,120 feet; the west line of Sec. 5, T. 44, R. 1 W., 400 
paces south of the northwest corner— altitude 1,175 feet, descending to 1,030 at the 
northwest corner; the west line of Sec. 6, 100 paces south of the quarter-post, at the 
top of a bold precipice of siliceous slate, facing southward —altitude 1,140 feet; the 
middle line of Sec. 1, T. 44, R. 2 W., 150 paces south of the centre —altitude 1,070 
feet; and the west line of the same section, at the southwest corner — altitude 950 feet, 
descending northward 100 feet in a quarter of a mile. In Sec. 11, Carrie's creek passes 
the ridge from the southward, in a deep and narrow valley, the hill-side to the west of 
the creek showing high cliffs of slate. Where the creek crosses the north line of Sec. 
11, 275 paces east of the north quarter-post, the surface is 860 fect above Lake Superior. — 
Westward from here, we find the ndge quite narrow, and with the valley of Carrie's 
creek 200 to 400 feet deep all along in front. The following are the positions and alti- 
tudes of the crest: 189 paces south of the north quarter-post of Sec. 11, 990 feet; just 
north of the west quarter-post of the same section, 995 feet; 300 paces north of the 
south quarter-post of Sec. 10, in which section the ridge takes an abrupt tum from a 
northeast-southwest course to one nearly due west, 1,190 fect, or over 400 feet above 
Carrie’s creek, a mile northward; and 200 paces north of the southwest corner of the 
same section, 1,085 feet. Beyond the last point, the course is nearly ulong the south 
line of sections 9, 8 and 7, changing gradually from the north to the south side of the 
line; 200 paces north and 100 east of the south quarter-post of Sec. 9, the altitude is 
1,080 feet; and 60 paces south of the southwest corner of the same section, 940 feet. 
The last point is on the top of a bold south-facing cliff of slate, 200 feet high, from 
which a wide view of the interior is obtained. This cliff, known as Mount Whittlesey, ° 
swings abruptly around and faces eastward towards the valley in which two small tribu- 
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taries of Crrrie’s creck cross the range. Where the easternmost of these crosses the 
south line of &ce. 8, it is 710 feet above Lake Superior. Passing this valley, we soon 
rise again rapidly, reaching, at a point 105 paces south of the quarter-post of Sec. 8, an 
ultitude of 850 feet. Westward from here to the crossing of Bad river in Sec. 14, T. 
44, R. 3 W., the range continues without break, having numerous ledges of rock. 
especially on the summit and southern slope, and about the following course and alti- 
tudes: across the northern part of Sec. 17, to a point on the west line, about 150 paces 
south of the northwest corer of the section — altitude 940 feet; through the northern 
part of Sec. 18, with a slight curve southward, crossing the west line 5U0 paces south of 
the northwest corner — altitude 910 feet; through the northem part of See. 13, T. 44, 
R. 3 W., crossing the west line 500 paces south of the northwest corner — altitude 915 
fect; and about half way across Sec. 14 to the passage of Bad river, known as Penokee 
Gap. 

The topography of the district in the immediate vicinity of Penokee Gap is shown in 
detail on Atlas Plate XXIII. Where the river crosses the north line of Sec. 14, it is 670 
feet above Lake Superior. The valley is 50 to 300 steps in width, with highest and 
boldest hills on the west side, whcre there are large cliffs, above which the ground rises 
rapidly to over 200 feet above the river at foot. Moreover, we find the ridge to the west 
of Bad mver, making an abrupt set-off northward of about SUO feet, in direct corre- 
spondence with a faulting in the rocks, having a similar direction and amount. 

Westward from Penokee Gap, the Iron Range continues high, narrow and bold. 
Sec. 14 is left 100 paces south of the northwest corner, where the altitude is 919 feet, 
and the descent northward over 250 feet in half a mile. Thence, Sec. 19 is crossed just 
south of the north line, the crest having, near the Penokee mine, at a point about 65 
paces south and 600 west of the northeast corner of the section, an altitude of just 1,000 
feet, as determined with the level by Mr. W. W. Rich, chief engineer of the Wisconsin 
Central Railway. Beyond this to the westward, no accurate barometrical observations 
have been taken. Through Sec. 16, the ridge continues on its easterly course to the 
northwest quarter, when it begins to veer more towards the southwest. ‘This new course 
is maintained through See. 17, which is left a quarter of a mile north of the southwest 
corner, where there is a partial gap; through Sec. 18 to the southwest corner; and a 
short distance into Secs. 13 and 24, T. 44, R. 4 W., where the ridge comes to an abrupt 
end, the ground dropping off 150 feet within a few hundred steps. In all this portion 
of its course, there are frequent mural exposures on the south side of the range, which 
are due, together with a simultaneous flattening of the northern slope, to a very con- 
siderable lessening in the angle of the dip, which everywhere east of Bad river is 60° to 
70°, while now it decreases to 50°, 40°, and even 25°. Beyond, a low ridge continues 
with a northwesterly course, thus coinciding with the trend of the formation, through 
Sec. 15, to the west quarter-post, where it ceases altogether. All across T. 44, R. 4 W., 
the ground is low and wet, although Mr. C. E. Wright's magnetic observations seem to 
demonstrate the continuance with a somewhat devious course of the rock belts which 
make up the Penokee Range. Some change in nature or dip, or both, must, however, 
be imagined to account for this entire absence. Here, then, the granitic region to the 
south and the Gabbro Range to the north of the line of the Penokee Range, merge into 
one another. 

Passing now to T. 44, R. 5 W., we find the Huronian rocks reappearing at the sur- 
face, and forming again a prominent ndge, which is, however, broken into more or less 
thoroughly detached portions. In the northern part of Sec. 23 and southern of Sec. 14, 
we first find a ridge again, made up of essentially the same formations as the Penokee 
Range proper, and some 200 to 250 feet high. It runs along the north side of the 
Maringouin river, to Sec. 15, where the ground becomes low again, until Sec. 16 18 
reached. There the same rocks rise into a ridge some 300 feet high, in the southern 
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part of the section, and to the southeast of the Maringouin, passing out at the south- 
west corner, and again falling off. In the southwest quarter of Sec. 17 is again a 
ridge some 400 feet in height, but made up of more northern belts of rock than those 
constituting the Penokee Range proper. 


The region of rid¢y country lying north of the Penokee Range is not 
to be subdivided into a series of sharply defined ridges, stretching, like 
the Iron Range itself, entirely across the district, but rather consists of 
one broad mass, which, in the vicinity of the lines of the several large 
streams that pass it to the northward, separates into a succession of 
short and, for the most part, rather broad belts of high land, that owe 
their existence to the tendency of the subordinate streams to hoilow 
out valleys in the lines of strike. Midway between the main streams, 
these secondary ridges blend more or less completely into one broad 
elevation. As already said, however, usage has recognized two main 
ridge belts, which have a somewhat close relation to the underlying 
rock structure. 

Of these two, the Gabbro Range includes the series of ridges lying 
immediately north of the depression which nearjy all along marks the 
front of the Iron Range. The width of the gabbro belt of high land is 


from three to four miles, and its general altitude, away from the main 


water courses, 700 to 900 feet. Beginning on the Montreal river, in 
Secs. 13, 11 and 12, T. 46, R. 2 E., we find this ridge with a general 
altitude of about 900 feet, and showing numerous low mural rock 
ledges. Thence we follow it across the Gogogashugun to the south- 
west corner of T. 46, It. 1 E., in the southern and southeastern parts of 
which township some heavy cliffs of rock are found bounding the ridge 
on its southern side, towards the valley of that branch of the Potato 
river which here oceupies the depression to the north of the Iron 

cange. Thence the course is in the same direction across T. 45, R. 1 
W., in which town the belt is crossed by both the Potato and Tyler's 
Fork rivers. On the west line of T. 45, R. 1 W., there is a blending 
of the several constituent ridges into one, even the usual depression in 
front of the Iron Range becoming less inarked. In T. 45, R. 2 W.,, thie 
valleys of the two westward flowing branches of Carrie’s creek, and 
that of the long southwesterly stretch made by Tyler’s Fork, produce 
four very prominent and well defined ridges, counting from the Iron 
Range on the south to the low land on the north. 

In the southwestern part of T. 45, R. 2 W., and the adjuining north- 
west corner of T. 44, R. 2 W., Bad river passes the Gabbro Mange. 
The river surface, at the south line of Sec. 30, is about 600 feet above 
Lake Superior, while on the north line of the same section it is but 
little over 500, the river, in the interveuing space, having made a wild 
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series of rapids and falls over granitic rocks. On both sides of the 
river the hills rise boldly, and on the west soon reach an altitude of 
nearly 900 feet. West of Bad river the Copper and Gabbro Jtanges 
blend into one, having on the south the marked depression in whose 
western extension lie English and Bladder lakes. The range now has 
a considerable width, stretching, as we trace it westward from the 
southern parts of T. 45, ranges 3, 4 and 5 W., more and more into the 
northern parts of T. 44. All along this portion of its course, the 
Gabbro Range is broken into innumerable small ridges which show 
cliffy outcrops, usually of very coarsely crystalline gabbro, facing in 
every direction, single ledves often having a height of over 25 feet and 
a length of several hundred. 

The Copper Range, so called because the rocks along its course have 
been found to carry copper, is, for the most part, not distinct topo- 
graphically from the Gabbro or Greenstone Range. Still, including as 
it does the northernmost portion of the whole ridge region, the Copper 
Range presents a continuous steep front towards the lowlands on the 
north across the whole width of the district. At the mouth of the 
Montreal river, this steep slope begins directly at the lake shore, where 
there is a vertical rise of nearly 100 feet, and beyond a steady ascent 
to an altitude of over 500 feet within three miles. Further west the 
front of the range recedes rapidly from the lake, and takes a south- 
westerly course to about the middle of the northern part of T. 45, R. 2 
W., whence, to the Brunschweiler river, in the northern part of T. 45, 
R. 4 W., the course is nearly west. Beyond the Brunschweiler, it 
secins to become less prominent, and at the same time trends somewhat 
sonth of west to the west line of the district. Everywhere east of the 
Brunschweiler there is a steady rise from the southern edge of the low- 
lands, at an altitude of 100 to 150 feet to one of about 500 to 600 feet, 
within three miles. Being obliged to make so rapid a descent, the 
larger rivers, where they leave the highlands, have produced heavy 
falls and rapids, and have worn out deep and narrow rock gorges. 

In its eastern portions the Copper Range reaches a width of six 
miles, and at its southern edge an altitude of 700 to 800 feet above the 
lake. Over most of this broader portion, however, the altitude does 
not exceed 550 to 650 feet, the surface being generally level and show- 
ing only very rarely rock ledges. West of the Potato river the breadth 
lessens rapidly, and after Bad river is crossed never exceeds, for the 
Copper Range proper, more than two miles. 

Vor further ideas on the topography of the ridge region, reference is 
made to the list of barometrical and other altitudes given on subsequent 
pages, to the general maps of the district (Plates XXI and XXII of 
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the Atlas), and to the detailed descriptions of other portions of this 
report. 

The Lowland Area, lying between the foot of the Copper Range 
and the shores of Lake Superior, has a surface in general from 100 
to 200 feet above the lake. At the southern edge it is somewhat 
higher than this; while the shore bluffs are seldom over 25 to 50 fect 
in height, a considerable area about the mouth of Bad river being but 
a few feet above the lake level. In minor detail, however, the low- 
land area is much broken up. It is everywhere underlaid by a heavy 
deposit of red marly clay, mingled with more or less sand, and a few 
boulders. Through this clay the several main rivers, as well as all the 
tributaries, down to the smallest, have had but little difficulty in cut- 
ting deep and narrow channels. As a result, we find the surface 
carved in every direction into steep-sided, narrow water courses from 
25 to 100 or more feet in depth; the bare clay banks in the cases 
of the larger streams not unfrequently rising almost perpendicularly 
from the water’s edge. Such a country, to the foot traveler, the only 
one who can as yet, to any extent, traverse this region, is to the last de- 
gree annoying, especially if he is traveling along one of the main 
streams, as, for instance, Bad river, where, in following the trail, he no 
sooner succeeds in climbing out of one ravine than he is obliged to de- 
scend into another. Following the lake shore itself, a few rods inland, 
is nearly as bad, each of the numerous little spring brooks that run 
into the lake following a deep ravine. Of course the same feature 
makes road and railroad building difficult, as is shown by the great 
number of bridges along the line of the Wisconsin Central Railroad, 
two of which, those across the valleys of the White river and Silver 
creek, are of iron, erected at great cost, respectively over 1300 feet and 
600 feet in length, and 100 feet and 85 feet in height. Except about 
the mouth of Bad river, where there is a considerable area of open 
marsh, the lowland district does not show any large areas of swamp, 
though in T. 46, R. 2 W. and R. 3 W., in the Indian Reservation, 
small swamps are quite numerous. | 

The Bayfield Ridge. Only the eastern end of the Bayfield Ridge 
is included within the district now reported on. Most of it is con- 
tained in the region examined by Mr. E. T. Sweet, in whose report it 
will be found described. The top of this ridge has an altitude of from 
450 to 600 feet above Lake Superior. The high ground stretches well 
to the lake shore all around, being especially bold along the coast of 
the extreme end of the peninsula known to the old French voyageurs 
as the “ Détour,” and leaving nowhere more than a very narrow slip of 
lowland along the shore. Asseen from the southeast, this high country 
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stands out very boldly, conveying the idea that it is one of the promi- 
nent rock ranges that are so characteristic of the whole basin of Lake 
Superior. But, on closer examination, it is found to be everywhere 
heavily covered by drift materials; boulders and sand drift in the in- 
terior, and red marly clay nearer the coast. Rock exposures are abso- 
lutely wanting, if we except the low cliffs of horizontal sandstone so 
frequent along the lake shore. On top of the ridge, away from the 
stream valleys, the surface is generally level, being roughened only by 
drift knolls and depressions, and altogether without the narrow linear 
rock ridges that characterize its western extension into Douglas county. 

Coast Features. Considered in general, the coast of the mainland 
portion of the district presents the following prominent features: (1) 
near the mouth of the Montreal river, about a mile of coast line 
trending northeast, which is the western end of the long stretch of 
bold coast that begins at the head of Keweenaw Point; (2) about 22 
miles of low coast line, the edge of the level plain that lies north of 
the Copper Range, trending at right angles to the last course, or about 
northwest, and ending in the Jong sand spit known as Chaquamegon 
Point, the whole stretch standing directly across the depression lying 
between the Bayfield and Keweenaw ridge belts; (3) the broad but 
shallow bay, known to the Chippewas as Chaquamegon, or Long 
Island Bay, which les directly in the line of depression just mentioned ; 
and (4) the bold coast of the Bayfield peninsula, which has in all a 
length of about 42 miles, and is bordered for much of its extent by 
low cliffs of horizontal red sandstone, with deep water close in shore. 
These cliffs, as also similar ones on the Apostle Islands, have been 
worn by the waves into a variety of caves and arches, and, clothed as 
they are to the very edge with heavy forest, constitute not the least at- 
tractive portion of the seenery of Lake Superior. 


The following details are condensed from notes taken along the eoast. Beginning 
on the east, we find, at the mouth of the Montreal river, cliffs of highly inclined red 
sandstone surmounted by red clay, rising abruptly about, 90 feet from the water. The 
river enters the lake through a picturesque little bay, at the head of which, a few rods 
from the lake shore, is a series of bold falls, 90 feet in height, over the nearly vertical 
ledges of the sand-rock. Westward from the Montreal, the sandstone soon dies away, 
the red clay forming the whole height of the cliff, which gradually lowers to about 40 
to 60 feet. This height continues to Clinton Point, except where a number of very 
steep-sided and wooded ravines are cut down through the clay. At Clinton Point, and 
for some distance east, horizontal ledges of sandstone underlie the clay, and in places 
stretch out for some distance just under the waters of the lake. Westward from Clin- 
ton Point, the clay banks become lower, finally disappearing altogether near the east 
line of Sec. 27, T. 48, R. 2 W., where the open marsh through which Bad niver reaches 
the lake begins. All along on the lake side of this marsh is a narrow sand beach, often 
heaped into ridges and dunes by the wind and waves. This character continues to th> 
neck of Chaquamegon Point, which is a sand-spit stretching seven miles in the sam? 
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direction as the more eastern part of the coast, and separating Chaquamegon Bay from 
the open lake. ‘The width of the point is from 30 feet to over 10U0 fect. It is com- 
posed wholly of sand, thrown up by the waves, but has a scant undergrowth of grass 
and stunted trees along the centre for most of its length. In its wider portions the 
point presents several parallel sand ridges, with the sterpest side towards the open lake, 
but the narrower parts show only one such ridge. During the severe storm of Septem - 
ber, 1872, the waves of the lake broke through the point near its eastern end, produe- 
ing a passage several hundred feet in width, and deep enough for small boats. The 
same thing has happened before, the channels gradually filling up again. A large in- 
let existed some twenty years since nearer the head of the point, and its place is now 
indicated by a level area of sand without vegetation, stretching entirely across the spit. 

From the mouth of the Montreal to the end of Chaquamegon Point, the three-fathom 
line of the Lake Survey Chart is not far from shore, and half a mile from shore there 
is generally rom six to seven fathoms of water. At the mouth of Bad river is a sand 
bar; but just inside the river is broad and deep, and could be improved so as to make 
an excellent harbor. Steam tugs ascend the river some fifteen miles to the falls, on 
See. 25, T. 47, R. 3 W. 

Chaquamegon Bay is about twelve miles long and six wide in the broadest part, the 
opening between the end of Chaquamegon Point and the Bayfield coast being about 
three miles across. The deepest water in the bay is to be found on the western side, where 
there is from four to eleven fathoms in the channel, which runs quite close to the Bay- 
field coast. All of the eastern part, comprising more than half the whole area of the 
bay, is shallow, having less than three fathoms of water, while a larse area under the 
lee of Chaquamegon Point, and along the eastern shore, is much shallower than this. 
At Ashland, the three-fathom line is a mile from shore, and the two-fathom line half a 
mile, so that long piers are necessary for the steamboat landings. At the head of the 
bay, where Fish creek enters, there is a still wider belt of shallow water, the two-fathom 
line being a mile and a half from shore. On the north east, near the neck of Chaquame- 
gon Point, the shore of the bay is low, open marsh, through which enters a wide and 
deep bayou, with a number of branches, which is known to the Chippewas as the Kau- 
kaugon, and which was, undoubtedly, at one time, the channel through which Bad river 
reached the lake. Following the shore southwestwardly from here, we find the marsh 
extending with a low sand beach in front for about seven miles, when low banks of the 
red clay begin which continue to the head of the bay. At Ashland, the clay bluffs are 
twenty-five to thirty feet in height and are cut as everywhere by deep, steep-sided, 
wooded ravines, a number of which are crossed on bridges by the streets of the town. 
At the mouth of Fish creek, and extending from it around the head of the bay to about 
the southeast corner of Sec. 24, T. 48, R. 5 W., 18 marsh. 

Here, following now the Bayfield coast, begins a low cliff of red sand-rock ten feet 
high, and surmounted by five feet of red clay. The sand-rock extends only for some 
three hundred feet, beyond which the entire bank is made up of clay. All through Sec. 
19, T. 48, R. 4 E., and to the sand beach at the creek in Sec. 18, there are low banks of 
red clay, out of which nunierous boulders have rolled, and formed a line along the water's 
edge. Beyond the creck in Sec. 18 the red clay banks, twelve to fifteen feet high, and 
with occasional low ledges of sandstone at foot, one to six feet high, extend to Vander- 
venter's creek in Sec. 7. Here begins a sand beach which continues to and beyond the 
creek in Sec. 5. On Sec. 5, the coast trends nearly eastward, and we are on the south 
side of the bulge in the coast which cccupies the southern half of T. 49, R. 4 E., and the 
extremity of which is known as Houghton Point. Here the banks of clay begin again, 
with frequent low rock ledges at foot, the cliffs evidently extending some distance below the 
water, which is deep close to the shore. From McClellan to Houghton, in Sec. 27, the 
rock cliffis 10 feet high, and the ground very steep above. Beyond Houghton, the rock cliff 
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continues to within a fourth of a mile of Sioux river, which comes in through a marsh 
fronted by a low sand beach. This beach continues to Owen's creek, on the N. W. 
qr. of Sec. 5, and beyond are clay banks fifteen feet high, the clay soon giving 
place to the red sand-rock, which, in the northern part of Sec. 33, forms a cliff twenty 
feet high, with bold ground above. This cliff extends nearly to the town site of Bayfield, 
being broken only by the short sand beach at the mouth of Pike's creck, S. W. qr. 
Sec. 27. On sections 22 and 23 the rock cliff is often twenty-five feet in height. At 
Bayfield the banks are high, but rise more gently from the water. Immediately beyond 
the Bayfield pier, however, the sand-rock chiff reappears, overlaid by clay, and rising 
beyond rapidly to over one hundred feet above the water. From See. 6, T. 50, R, 3 W., 
to Sec. 29, T. 51, R. 3 W., there is a beach behind which the ground rises rapidly. 
Then begin the rock clitfs, which, having a height of from ten to twenty feet, and 
showing many interesting instances of erosion by waves into caverns, arches and 
columns, extend along nearly all of the rest of the coast to the limit of the district on 
the west line of R. 5 W. There are important breaks in the cliff line at Red 
Cliff, Frog, Raspberry and Sand Bays, where there are sand beaches, and where rivers 
and creeks of the same name enter the lake. 

From Houghton Point to Sand Bay there is deep water close in shore; generally 
from eight to ten fathoms, and in some cases twenty. Just off the Bayfield pier there 
are ten fathoms, it being possible for the largest vessels to approach close to the town. 
Indeed, the harbor of Bayfield and La Pointe is the finest on the American side of the 
lake, the site being in every way an unusually fine one foratown. There is room for 
any number of the largest vessels, the whole bay being well protected from all winds 
except that from the northeast; and from this also the eastern side of the harbor is well 
sheltered. Moreover, the three channels by which the harbor is approached are all wide 
and very deep, the north channel showing from twenty-five to sixty fathoms, and there 
are no dangers at all, the deep water everywhere running close to the shore of the 
islands. At Sand Bay, there is a bar with about five to fifteen fect of water, connecting 
Sand Island with the main land, but farther west there are from four to seven fathoms 


close in shore. 


The Apostle Islands, including the smallest islets, are just twenty- 
four in number. The total land and water area contained within the 
ficure produced by joining the outermost points of the group is about 
314 square miles; of this about 77 square miles are land. As awhole, 
the group trends in an N. E.-S. W. direction, and is the direct contin- 
uation of the Bayfield peninsula. The islands are, however, with the 
exception of Sand Island, all separated from the main land by a chan- 
nel carrying 10 to 20 fathoms of water, while the channels between 
different members of the group are often deeper than this, running up 
to 50 fathoms. The accompanying plate is taken directly from the 
Lake Survey Chart, No. 3, issued by the Engineer Department, U. 
S. A., except the lake bottom contours, which have been sketched 
in from the figures given on the chart referred to. Besides the shape 
of the bottom, the plate shows the relative positions, sizes, ete., of the 
several islands of the group. These vary considerably in size, Made- 
leine Island, the largest of the group, being twelve and one-half miles 
long, and froma little over one to a little over three in breadth; while 
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the rocky islet between Steamboat and Eagle Islands is only fifteen feet 
in diameter. Most of the islands are, however, of good size, i. e., from 
ten to six miles in length, and from one to three in breadth. 

Oak Island, which lies directly in the line of the coast of the Bayfield 
ridge, rises some 400 feet above the level of the lake; one or two others 
reach perhaps 150 feet; but most of the islands do not rise more than 
50 to 75 feet, several not over 10 to 20 feet above the water. Except 
where clearings have been made, as about the mission on Madeleine 
Island, all of the islands are densely wooded to the water's edge; for 
the most part with evergreen timber. <All of them have a basement 
of sand-rock, which in most cases is in sight, especially on the eastern 
sides, where it frequently rises 10 to 80 feet perpendicularly above the 
water, and is often worn into many picturesque shapes. Overlying 
the sand-rock nearly everywhere is a mass of reddish and sandy clay, 
the same that has already been mentioned as appearing all along the 
coast of the mainland. On the western sides of the islands, and to 
some extent also on the eastern sides, this clay frequently hides the un- 
derlying sand-rock entirely, rising into very steep bluffs, which, from the 
bright red color of the clay, are noticeable from avery long distance. Not 
unfrejuently the rain, descending from the surface of the islands, has 
worn the clay into more or less completely separated towers or buttresses. 

A glance at the accompanying map of the Apostle Islands will show 
that there is a tendency to a lincar arrangement, more or less roughly 
parallel to the general trend of the whole group. This is shown in the 
linear outlines of individual islands, in the trends of the separate 
islands, in the trends of groups of the islands, in the positions of the 
bottom contours, and, in some cases, in the trends of valleys or lines of 
elevation. The trends of the Bayfield coast of Chaquamegon Bay, and 
of some of the valleys on the main land, have evidently some connection 
with the same linear system. The origin of this system, so far as it is 
possible to assign an origin, is spoken of on asubsequent page. Be- 
yond doubt the isiands at one time formed part of the main land. The 
work of separation has been, of course, in part performed by the action 
of the waves of the lake; but the main agent has evidently been a more. 
powerful one. The grouping of the islands alluded to above is one 
based not only on proximity, or the following one another in a straight 
line, but also, and more especially, upon the existence of shallower water 
between the members of a group than is found between members of 
different groups. Madeleine, Michigan and Gull islands are thus 
shown to be merely portions of one line of elevation, which, moreover, 
extends far to the northeast under the water surface. Below are given 
some details with regard to the several islands. 
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Madeleine Island (Moniquanikang Minis, or Yellow Hammer Island) is the 
largest of the group, having a length of twelve and one-half miles, and a breadth of from 
one and a quarter to three and a quarter miles. ‘The surface is level to rolling, reach- 
ing in the highest portions an altitude of perhaps 100 to 150 feet above the lake. Coast 
ing the island, the following features are noticed: All along the northwestern side, which 
is Very nearly a straight line, trending northeast, or with the general course of the group, 
the ground is raised but a little above the lake shore, there being either a gravelly 
beach or a low bank of red clay along the water's edge, and only very rarely a rock ex- 
posure, The harbor of the old French settlement of La Pointe is merely a wide bend 
in the coast, but is very completely sheltered, and has deep water close in shore. From 
La Pointe to the southern point of the island are banks of red clay in places over 30 feet 
in height. At the southern extremity, a sand-bar stretches a quarter of a mile south- 
westward, Just above the surface of the water, and as much farther just under water. 
This bar is‘said to have been rapidly wasting for some years past. Turning the point, 
we find the southeast side of the island made up of several overlapping linear stretches 
of bold bluff, trending more to the eastward than the northeastern side, and united by 
curving beaches of sand, with low ground behind. From the sand-spit at the southern 
point of the island, to the beach in Sec. 27, T. 50, R. 3 W., there are high clay banks, 
nsing 40 to 80 feet above the lake, and having at foot an occasional exposure of the red 
sund-rock, which in one place, on Sec. 5, T. 49, R. 3 W., rises boldly 25 feet from the 
water. From the sand beach in See, 27, around the point to the beach in the next 
bay, the rock ledges, 10 to 12 feet high, continue all along, occasionally with a clay bloff 
above. The latter beach stretches on a curve through sections 13 and 12, T. 50, R.3 
W., and See. 7 of T.50, R. 2 W. Behind the beach is a bayou and a large swamp, 
which extends some two miles inland, and beyond doubt fills what was once the head of 
the bay. Moreover, the line of bluffs, which forms the north side of the bay, continues 
on the same course entirely across the island. From the southeast corner of Sec. 7, T. 
00, R. 2 W., all along the north side of the bay to the point on Sec. 35, T. 51, R.2 W., 
there are high clay banks. At the point the rock is in sight, and beyond, to the north- 
west, gradually gives place to the clay, the banks of which at the same time lessen in 
height. : 

Michigan Island (Bugadabi Minis, or Hook and Line Island) 1s a continuation of the 
line of elevation of which Madeleine Island forms a part. It is three and one-hult 
miles long and one and a quarter broad at its wider or southwestern end, from where it 
tapers to a point at the northwest end. High bluffs of red clay skirt the island nearly 
all around, rising sometimes to over 60 feet alove the water. At the lhght-house, on 
the southern side, the banks are very high. The light is 129 feet above the lake. The 
only rock visible is on the east side of the point near the northeast end. Stretching 
from here towards the northeast is a rock reef, more or less covered by sand, over 
which the water is only a few feet in depth. At the end of the reef is 

Gull Island (Giashco Minis), which is only a few rods in length, showing rock at the 
northern end, with a beach of quite large bowlders. The southeast end is clay. This has 
been separated from Michigan Island, since the surveys in 1824, '25, °26, by Captain 
Bayfield, by whom the first accurate map of the Apostle group was made. 

Basswood Island (Wigobi Minis) is three and one-half miles long and one and one- 
half wide at the centre, the shape being an oval one, with the greatest diameter trend- 
ing about north-northeast or parallel to the coast line of the mainland immediately 
across the channel. The island rises in the middle to about 100 fect above the lake. 
The shores are steep all around, being rock-cliff all along on the east side, and clay 
bank on the west. In places the rock rises some distance above the lake, as shown at 
the large quarry. 

Hermit's Island (Wilson's Island, Ashuwaguindag Minis, or Askew Island) is one 
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of the smaller islands, being two miles long and three-quarters of a mile broad. On 
the east side the sandstone clitts, often worn into deep caves, are nearly continuous, 
whilst the western side is almost wholly clay bank. 

Stockton’s Island (Presque-Isle or Peninsula Island, Gegawewamingo Minis, or 
Burnt-wood Island), is one of the larger islands, being seven and one-half miles long 
and two and one-half wide. It rises about 75 feet above the lake, and has projecting 
from its southeastern side a narrow peninsula about a mile in length, from which 
the French name is taken. The southeast side shows sandstone nearly all along, 
the clitts in some places rising 30 feet from the water. Beyond the northern point 
the sandstone lessens in height, gradually giving place to the clay, which fornis con- 
tinuous bluffs all along the western shore. 

Outer Island (Gachiishquaguindag Minis) is six and one-quarter miles long by two 
and one-half wide, trending but little east of north. On the east side the ruck clitts 
rise from 5 to 20 feet from the water. All along the west side are clay banks 31 to 50 
feet high, often worn in a striking manner into projecting buttresses. 

Oak Island (Mitigominikang Minis, or Acorn Island) is the highest of the group. A 
rather unreliable barometrical determination gave 432 feet for the height of the centre 
ef the island. It is three and one-half miles long in a northwest-southeast direction, 
and two and one-half wide. In the interior a number of ravines indent the surface. 
One of these, very marked and steep-sided, is 100 feet deep, and trends northeast to 
southwest. Except on the northwest corner, where there is a clay bank of 75 feet, 
the immediate shores of the island are not very high. All along the south and east 
sides are low sandstone cliffs, the north and west sides being, as usual, all clay bank. 

Manitou Island (Devil's Island, Tate’s Island) is two and one-ha'f miles long in a 
north 45° east direction, and about a mile wide. ‘The ghest parts of the island are not 
more than 50) fect above the lake. All along the east side are sandstone cliffs 10 feet high. 
The western side is low clay bank, with a pebbly beach at the southwest corner. From this 
beach a sand spit runs half a mile northwest, and at the end of the spit is Little Devil's 
Island, an islet of clay. 

Iron Wood Island (Higgins’ Island) is roughly circular, with a diameter of one and a 
quartor miles. It does not rise any where more than 20 feet above the water. On the 
east the rock cliff is 8-10 feet high, without clay above. On the west are clay banks 2 to 
oO feet high, with rock at base in one place. 

Cat Island (Hemlock Island) is three miles long in a north and south direction, and 
one and a quarter miles wide at the broader or southern end, where it rises to a height 
of about 75 feet. The rock ledges are found on both sides, especially in the narrow 
northern part, but more continuous on the eastern side, where the cliffs are 15 feet high. 
The clay is present as usual, and forms a considerable portion of the west coast of the 
island. 

Otter Island (Alabama Island) trends northeast, is two miles long and one and a 
quarter wide. The highest part is about 60 feet above the lake. Contrary tothe general 
rule, clay bluffs 8-10 feet high are found on the southeast, and sandstone cliff 10 to 12 
feet high on the nerth and northwest. 

Rocky Island (Rice's Island) is made up of two parts, one trending a little east of 
north, two miles long and one wide. The other, a narrow neck extending one and one- 
half miles to the northeast, with an under water extension half a mile farther than th‘s. 
The eastern side is a sand beach all along, with a narrow strip of cedar swamp behind. 
On the west side the clay banks are 10 to 30 feet high, with rock in sight at one place. 
Although so little rock is seen, the soundings of the Lake Survey Chart show that there is 
a rocky bottom for some distance around the island. A shoal, with 10 feet of water, 
connects Otter Island with 

Willey’s Island (South Twin Island, Shoal Island), which is an oval one mile long and 
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three-quarters of a mile wide. It rises to a height of more than 20 feet, and shows no 
rock at all, the shores being alternatingly low clay bank and sand beach. 

Brown Stone Island (North Twin Island — Cat Island) isa mere rock about a mile 
long from north to south, and a quarter of a mile wide in the middle, tapering to the. 
extremities. The rock cliff, 15 feet high, is continuous all around except at the north- 
east corner, where there is a clay bank. 

Raspberry Island has an irregular shape and a length of about a mile. The south 
and east sides show clay banks 10 to 50 feet high, broken by a little sand beach. The 
rock, contrary to the ordinary rule, appears on the northwest coast. The light at the 
light-house, on the south side, is 77 feet above the lake. 

Bear Island is two miles long by one and three-quarters miles wide, and trends a 
little west of north. On the east and north the rock ledges rise 15 to 25 fect from the 
water. On the north, the rock gradually gives place to clay banks, which, with a height 
of from 10 to 30 feet, form all the western shore. At the southeast comer a sand-spit 
runs out several hundred feet into the lake. 

Devil's Island (Brown Stone Island, Barney and Lamborn's Island, Rabbit Island) 
is a mere rock, one and one-quarter miles long and half a mile wide. A rock cliff 15 to 
20 feet high surrounds the island, which is thus rendered very dithcult of access. 

York Island has an irregular shape and is about one and one-half miles long, witha 
width of half a mile at the eastern or broader end. It rises nowhere to a height of more 
than 20 feet, and shows rock nearly all around, with red clay above. 

Sand Island is a large, irregularly shaped island, about two miles in diameter, with a 
projection one mile long from the northeast corner. ‘There are two sand beaches, each 
over a mile in length, on the east and north sides. ‘The rest of the island, except on the 
south, where there are clay banks 25 to 30 feet high, shows sandstone cliffs nearly all 
around, with more or Iess clay above. The island is probably nowhere more than 50 
feet high. The bar connecting Sand Island with the main land has been mentioned 
above. 

Eagle Island (Steamboat Island) is the westernmost of the group. It is only a few 
rods long. very level, and shows rock all around, overlaid by 2 to 3 feet of clay. 

Steamboat Island is a small clay islet, lying a few hundred feet south of Eagle Is- 
land. Between the two lies a still smaller rocky islet, 5 feet high and 15 feet in diameter. 


Altitudes. The barometrical observations made in 1873 proved to 
be of no value on account of the poor instruments furnished the party. 
Those made in 1876, ’77 and 78 do not cover so wide an area as those of 
1873, but have been carefully worked up by comparison with the read- 
ings of a second stationary barometer, and, in many cases, by comparison 
of “repeated observations made at the same place at times far apart. 
The aneroids used were carefully compared before and after the work. 
They are the “Surveying Aneroid,” by T. H. Steward, of London, and 
some five years’ experience with them has only served to increase the 
confidence felt in their results. 

Before the lists of barometrical altitudes is given one of elevations 
along the line of the Wisconsin Central esky: ay, Which, having been 
obtained by leveling, have, of course, a high degree of accuracy. This 
list is compiled from a profile and large scale alignment-plat, very 
kindly furnished by Mr. Colby, the president of the road. 
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All altitudes in these lists, as also all others given in this report, are 
referred to the level of Lake Superior, which, according to the latest 
measurements of the Lake Survey, is 602 feet above mean tide at New 
York, and 20.5 feet above the level of Lake Michigan, which is thus 


placed at 551.5 feet above tide. 


ALTITUDES ABOVE LAKE SUPERIOR. 


Along the line of the Wisconsin Central Railroad, from Chaquaniegon Bay to the south 


line of Town 43. 


CHagAINE PON Day stat edes Hee es oh eo ewe bso uaien eadeiened is ve 
ASiline le pols eorss snus Get owe es cules eR nodes aus duema ele sam ais 
Bay City creek crossing, Ashland ........ cece cece eee cece eee eeeeeee 
South dine seevais Eo Pt We ca ceues ie teee ae er ce weseieaneed 
South line See. 3, T. 47, PANY sack tea caut hosed ce aL ae 
South line Sec. 10, T. 47, Rid: Wicnsdcee tite cit cane teks beta een aed 
South line Sec. 1s, TAL Re AoAN Ae ide oeriamintviese beenweseeoee es 
South line Sec. 22, T. 47, R. 4 Wa... cece eee eee cee eee cere enone 
White river crossin N, W. qr. Sec. 35, T. 47, R. 4 Wow. eee eo eee 
South. me See, 30; 1.47, Ra Wo cece ceisate cs veewa’ ovwwsniwnstas 
South dine Seen? To 46, Rot. Wace kone wa Se eiees cies ei eans nasa. 
South line See. is 1, 46. Re W eis a sresadeerensh alecieciek- heen 
South line Sec. 14, T. 46, R. 4 W.... eee eee ce cece iu detects 
Summit, N. EB. gr. S. E. qr. Sec. 23, T. 46, R. 4 W.....-... eee wees 
South line See. 23, T. 46, R. 4 Wo... cee cece eee ae atg Slrars tale 26488 
South line See. 25, T. 46, R. 4 W occ cece cece ce encncc cere socceese 
Maringouin river crossing, N. W. qr. "See. Di drs Witle Wee ee bans sues 
Brunschweiler river crossing, S. hf. See. 36..... Siaieuae Weis © Slavelcaee ares 
South Jine See: 36; Us 46, He 4 Woe cisieicc ence e'e% 000506 Sse esiewase seis 
South line Sec. 6, T. 45, Tes os VV cde weet wa Geeweadscceuss since 
Twin creek crossing, N. E. qr. Sec. 7... c0e 0 ccccccncsccvcccoves. 
Fast line Sec. 7, T. 45, R. 3 W....ccecrcccccccccccsecerssceseesee: 


Trout brook crossing, W. hf. ae Bie ogee ea ecavawees owes 
Wadleigh's creek crossing, S. E. qr. Sec. 8..00..0. cesccecccececees 
East line See. 9, T. 45, R. SW... 0 ccccceccccerceens Seca araiee 
Silver creek crossing, S. hf. Sec. 10........-cccesccesses: a eWeslesiemuay 
East line Sec. 10, I’. 45,R.3 W..... Cids KOLA Sata ciaweelaaweculoses 
South line See. 11, Ad MoO NW ss 605 sie case dauteandit se endewesces 
East line See. 14, T. 45, R. DO Wesceeee bee veuleins edieeeeassceakauss si 
Fast line Sec. 13, T. 45, R. BW cciadocususedens sac. usMwee eeiete 
South line See. 18, ep ee, We veces. aicers's Poeceuis betes te S Seats ee 
Beaver creek crossin : N. W. qr. ree ae sigetere Giada Se eae elebiew ss: 
South line See. 19, T. 45, R. 2 W.. o Snedecor wens Sao pie Riaues Susce wate 
South line Sec. 30, T. 45, R. 2 W.....seecccecseeecoeee gedies rptecraute 
Bad river crossing, S. BE. qr. Sec. 31... cee ee cece eee eee cease necees 
Bad river crossing, S. E. ar. Sec. 31 sie bro ao wi SewTaleweataiare ames 

South line Sec. 31, T. 45, R. 2 W...... Seetccusces ee euee oa ase 
West line Sec. 6, T. 44, Ri 2 W tsar neesecra tesa he ie eR arlaeews 
Bad river crossing, 8. E. qr. Sec. I, T. 44, R. 3 W on. ee cee w er eee oe, 
Bad river crossing. 8. E. qr. Sec. 1, T. AA RS Woe bas pleas alain ae 
South line Sec. 2, T. 44, KR 3 W....... vS.iee te waseie eas eee seecres 
Bad river crossing, Ne Wear, seGn Ile i ccasetee <5 Uiuiente aces siete aac’ 
Bad river crossing, S. W. ar. Sec. Ll... ccec ccc cccccccccccccoenes 
South line Sec. 11, T. 44, Ro Wace: eMwiaaivamnicente locates 


Feet above Lake 


Superior. 
Grade. |Surface 
12 0 
oi) 3) 
49 20 
77 5S 
116 116 
125 123 
125 122 
125 121 
125 95 
1-16 145 
15 152 
169 167 
116 195 
210 
199 205 
10 169 
170 138 
173.5 150 
183 184 
2:33 233 
226 2:3() 
271 262 
315 2s) 
315 2X5 
364 362 
328.5 302 
411 415 
435 435 
462 466 
518 o21 
o23 
62 560 
615 614 
621 610 
621 610 
631 6:0 
637 644 
6236.5 624 
656.5 626 
695 659 
653 645 
676 664 
6y4 670 
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ALTITUDES ABOVE LAKE SUPERIOR — (continued). 


Feet above Lake 
PLACE. Superior. 

Grade. |Surface 
Bad niver crossing, N. W. qr. Sec. 14. .seecc cece ee eee aiadbarreterseie 694 674 
Bad river crossing, N. W. qr. Sec. 14.2200. ee ceceer ee er eee eeeee --| 659 6X2 
Bad river crossing, S. W. qr. Sec. 14..... err rere ee eaeees 715 693 
Bad river crossing, 8. W. qr. See. 14...... ee er re Bache ewes 720 710 
South line Sec. 14, T. 44, Ro 8 Wo... eee wee rer rae ee 137 716 
Bad river crossing, N. kK. qr. S. W. aqr., See. Di Vieoieia yb neies S0 Wate os vioe|| » Cd 762 
Bad river crossing, S. W. qr. 8. W.qr., Sec. 23. ccc cece eseceveeeeeee 199 781 
Bad river crossing, 8. W. qr. S. W. qr., Sec bs 12ANe wohib.. <a taigva ein alere sabe --| &04 7&8 
South line See. ay T At ROO vcsasceeawatsees manned evecatia eta e|, - o2 810 
East line Sec. 26, T. 44-03 Wo essewus as welaaate eeiweG saws culate oe) | R36 816 
South line Sec. 25, T. 44, R. 8 Wa... ee eee ee eee WM OM Garda wae ties R50 £61 
Bad river crossing, N. E. qr. N. W. or. DEC. WO scekedsesseesscesvons|, R49 &39 
South hne Sec. 36, T. 44, Ht Ue Wiewh aiec eS eusved ia-oobrgceea eisai wrela @ aacave ies &49 847 
East line Sec. 1, T., AT sib) NW oda ots as Greene Setar arom hee shar eiw ke elaw eed 849 818 
Summit, N. E. qr. S. E. qr.. See, 6, T. 43, R. OW oocccceeee ne S08 
Fast line See. 6, i 43, RR. OW eae dade neturedate iy Gcoswiaet areas rece Ged R52 &60 
Bad river crossing, N. W., S. W., Sec. 5..... PRN RNARL GS CRS Oee RS 89 &i 
South line Sec. 4, a 43H. 2 W eas eo ee arr ee ee Te ; RN} 87 
Bad river crossing, 8 2, VV steric Ca Upae Nw dow eereed easels atu haisiereae RO &R9 
South line See. 9, T. “43, R.2 W...ceee ee errr beer aeons sina &Y6 SOL 
South line See. 15, Ty 43, Red: W scares ses b-0ielebes o0'se- ste cale eens GUS 905 
South line See. go) op 433, Reo Wssew aes errr ree eee re 931.5 930 
Summit, near E. line Sec, 27, ton of the divide....s.seecseeceeececes 941 948 
South line Sec, 26, T. 48, R. 2 We. ce ee e. Ie eiaN Se aeecns Ciesdcacatates seas: 937.5 942 
South line Sec. 35, T. 43, R.2 W.......0.. pelea Hed sGelaees Wawasueaas 928 G4 


T. 50, R. 4 W. * 


BAROMETRICAL ALTITUDES. 


(Those marked thus, * are from the report of E. T. Sweet.) 


T. 47, R. 1 W. 


N. line Sec. 19 ..cccccecsccceee 3 4 mile n. of S. W. cor. See. 7... 186 
T. 50, R. 5 W.* i nile s. of N. W. cor. See. 7... 150 
Roath’s, N. BE. qr See, Ob si. cewse 47 1; mile n. of S. W. cor. Sec. 6.. 160 
N. W. qr. See. | ie eee eer ovQ Top of Lake bluff W. line Sec. 6. ral] 
T. 49, R35 We T.47, RL 1 E. 
pet: 16 ses snes iueewieaesucus, +400 Montreal river at trail crossing, 
T. 48, R. 5 W.* N. B, qr. Sec. 21...46.006: soe (ONE 
Trail S0@3oisaceticswcteassee> dol Montreal river, S. line See. 24.. 4433 
T. 47, R. 5 W.* T.47,R. 2 KE. 
See. 11, south br. Fish creck . 7 Mouth of Gogogashugun river, 5. 
Sec. 9, W. br. aconanie: sage ese 7 KE. qr. See. 32..... tree ae - 903 
Cent, Sec. 10 .ssecsseeccoeeeese 126] T.46.R.1 W. 
See. 5, creek. se eweueeen ee 45 So W.wcor. Sees 10. aesde< Sawees 023 
N. W. qr. (?) Sec. 6. MSatbectews, 112 Potato river, W. line Sec. 15.2.6. 463 
T. 47, R. 2 W. Potato river, W. line Sec. 18.... 260 
Meander corner W. line See. 1.. 65 Qr. post, W. line Sec. 18 ...... 275 
S. W. cor, Sete Livi ciccesencess 48 S. W.cor. Sec. 18... .ccccesscee 426 
Creek, 20 paces south ...ecceces 23 Creek, 145 paces south..... sees 40S 
Ne ost, W. line Sec. 12........ I110 Qr. post, W. line Sec. 1Y..ee0-08 840) 
ow. Or BéG. TZ acaseceeeswes 150 S. W. cor. Sec. 19........6. coe 4D 
OF post, W. line See. 13....060. 145 Qr. post, W. line Sec. 30....0062 9 O85 
S. W. cor. See. 13....... senses 1% S. W. cor. Sec. 30,...2. 2.2005 ee =6669 
or. post, W. line Sec. 24....066.6 © 215 Qr. post, W. line Sec. 31....06. 535 
S. W. cor, Sec. 24 ..cccseceee «» 229 ‘I ee sk ork, W. iine Sec. 31. O23 
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BAROMETRICAL ALTITUDES — (continued). 


T. 46, R. 1 W. — (continued). 
S. W. cor. See. 31 
T. 46. R. 1 E. 
S. W. cor. See. 8. 


erv+eee-ee@ oe 086 


Qr. post, S. line Sec. 8.....0006. 
S. W. cor. See. 9.2... eee eos Susser 
Qr. post. S. line See. 9... cece eee 
S. W. cor. See. 10....... Sean aave 


Qr. post, 8. line See. 10... 


S. We Cor, See. Tle: sisein we wes ay 
Qr. nost, S. line See. LL... eee 
Se Wor: See: 12: 660.0204 cosas 
Qr. post, 8. line See. 12......... 
2) paces east of last point ..... 
T. 46, R. 2 E. 
Gozogushngun river, 8. line See. 5 
Qr. post, S. line Soe. B... cece eee 
Hi, 4) paces West... cceeees 
Creek, 600 es west of qr. post 
Ba WcCOr. DS OCCO caiees 4 oases ‘ 
Qr. post, W. line See. 7.. ; 
Qr. vost, W. line See. Ieee 
Trail crossing, N. line Sec. 18.. 
Creek, 155 pices west 66.6.6. es 
= W .-Cor Stee IS is ceSawitew en 
S. W. cor. See. 31 ....... ieotes 
Siicain: Sof) paces east ...6. es 
Qr. post, S. line See. Ol eeteesed Sy 
S. W. cor. Sec, S20. ce ee eee d 
Qr. post, S. line See. 52.......6. 
Stream, near center of Sec. 32... 
Qr. ost, N. line See. 82........ 
+ COR. BOCES sxe ee es. Rages va 
Qr. post, N. line See. 33...0.06. 
N. EB. cor, See. 43.0.0. nce ecee 
Hes enenogun river, N. rine Sec. 
i) eee ee eae ee ee ene 
Bluff top, 200 paces west.. aes 
NOB COP eC bees bk elasasien 
Qr. post, W. line Sec. 26........ 
Nas W2:COPe SUC: VU Gs sie eae 
Qr. post, N. line mi LU ieee ere 
N. W.cor. See. 26 woe cece ences 
Qr. post, W. line Soe oe ee rae 
N. W. cor. Sec. 24.....ccccccee 
Montreal river, 'N. line Sec. 24. 
T. we R. 3 W. 
r. post Sec. 14..... Saieavs es 
nV. COPX OC: 25 so aces see vieeis 
. qr. post Sec. 26... cceeeeees 
NW. COP 80; 235 3a4ekeeeeeens 
qr. post Sec. 26 2. ccecesece 
N W. COV. Sec. Bice ce ecceccces 
W...at. post See. 256 es esce news 
S. W. cor. Sec. 35... ceceees “ 
T. 45, R.2 W. 


Tyler's Fork, 8. E. qr. Sec. 2 . 
Tyler's Fork, W. line See. 15. 
Tyler's Fork, W. line Sec. 16 . 
Creek, S. line S. W. qr. Sec. 26.. 


S. W. cor. Sec. 26..... ein wtetguarasae 
Creck near qr. post, S. line Sec. 27 
S. W. cor. Sec. 27..... Sc awee sak 


Qr. post, E. line Sec. 33 ..ceseee 
Se ECOL, SECkOO wee vasa oews eles 


T. 45, R. 2 W. — (continued). 


Qr. post, S. line Sec. Bo... eee ee ~ tat 
S.W. cor, See. Bb... cece ce cee ee To 
Creek, W. line See. hb... cece eee | AAS 
Qr. post, W, line See, 27 2.2... 7 
Creek, W. line 8. W. qr. Sec. 22 610 
T. 45, R.1 W. 
S.W. cor. Sec. 6...ccceccceeces§ = A1% 
Qr. post, W. line Sec, TR... eee 765 
S. W. cor. See, 1N.. Priawwer coe 
Qr. post, W. line Sie. “WDicececce Ti6 
S. W. cor. See, 19. .... eee coae. 44 
Tyler’ 8s Fork, S. line See. 21.. TRO 
Blatt top, Just west. .cccccceese SIN) 


S. KE. cor. See, Pl, eoreoee Rt) 


S. E. cor. See. ub wee cee eee coos 1, (KW) 
Qr. post, S. line Sec. 2h.... ee -2 1,025 
De Bey COPY BOCs bah a ba wh hee 1, OSD 
100 paces s. of cor., crest of Peno- 

kee Range 2... ccce cee cece nes 1, 100 


O00 paces n. of cor., crest of Peno- 
kee Ranges coos ee aewkeaeses 
Crest of Penokee Range, 100 paces 
S. of N. qr. ber Sec. 2o.ec008 1,125 
W. qr. post See. ; 


Crest of ridge. 300 paces S. ..-. 1,145 
Center Sec, 26. .ccccccceeesees 1,040 
W. qr. post, Sec. 26.......4-- - 9K) 
S. W. cor. See. 26, crest of ridge 1, 180 
Gt. post, BOC. Linc weecicin cscs 1, 020 
SW. cor. Sec, 27. .eecceeeseees S50 
W. qr. post, Sec. 27..... wooeeee RED 
Ne a post, See. 50..... seseeee. OhS 
COM S00) DUicescawesen gee’ “SOD 
S W. wae Sec. 3l...... ee ee 
Qr. post, S. line See. BL... ee eee - 910 
S. W. cor. Sec. 32...... ene 1,040 
Qr. post, 8. line ae Gowan en 1,110 
S. W. cor. Sec. thb. 1. eee wee ee = 90) 
Qr. post, W. find See. Odeseesess O10) 
Center Sec. i... ce cece ee ceeee 930) 
Qr. post, S. line See. 33.2... 6.66 R65 
Tvler’s Fork, S. line Sec. 33... &60 
Qr. post, W. line See. 34.2.0. S60 
T. 45, R. 1 E. 
Qr. post, E. line SOC Legeanceues - 1,050 
Seb. COM. SOC; | aoe scseeee ews - 1,080 
Qr. post, S. line Sec. L...e0e.e-e 1,100 
S. W. cor. Sec. Lo... ce eses vdewer 1020 
S. W. cor. Sec. 10.....0. ec ccees 940 
Qr. post, S. line Sec. 10.2.2... 1,100 
Crest Penokee Range, 000 paces 
sar anh erate laa eve wm eceretareua ear 1,150 
S. W. cor. ‘Soe. Dives ves catedes - 1,180 
Qr. post, W. line Sec. 11........ 1,120 
OUU paces S. of N. E. cor. See. 11 1,090 
Qr. post, W. line Sec. 1o.....-+- 1, 140 
S. W. cor. Sec. 15 ....-.. 00. ee. 1,030 
Qr. ost, S. line See. 16....... -- 1,030 
: W. cor. Sec. 16 .. cc. ee eee saw 24125 
S. qr. post, See. 17. oeeeenseceeee 9x0 
S. W. cor. See. 19 .....6. eer 1,680 
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BAROMETRICAL ALTITUDE3 — (continu-d). 


T. 45, R. 1 E. eon: T. 44, R. 2 W. — (continued). 
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DRAINAGE SYSTEM. 


The highest land in Wisconsin, omitting one or two isolated points, 
is only 20 to 40 miles south of Lake Superior, where a large area lies at 
an elevation of from 9U0 to 1,200 feet above Lakes Michigan and Supe- 
rior, or between 1,500 to 1,800 feet above the sca. Asa result, we find, 
to the south of this high land, which constitutes the water-shed be- 
tween the streams tributary respectively to Lake Superior and the 
Mississippi, a long and very gradual descent; while on the north we 
have one which is cor Spann short and pie On the top of the 
water-shed, as already shown, is a large region of tamarack and cedar 
swamps, and small lakes, among which the head waters of the north- 
flowing and south-flowing streams interlock in an intricate manner, 
the same swamp area in some places being drained in both directions. 

On tracing out the dividing ridge between the two systems, we find 
that it covers the extreme southern part of our district in a quite 
irregular east and west line. To the south of the line, so far as the 
present district is concerned, with the exception of the few small brooks 
and lakes in the northwest corner of T. 43, 2.5 W., and the adjoining 
corner of T. 44, It. 5 W., which connect with Lake Numakagon, and so 
through the Numakagon river with the St. Croix, the drainage is alto- 
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gether into the Chippewa. On the north side of the dividing line, the 
streams are tributary to either the Montreal or the Bad. Iaving 
to descend from 800 to 1,000 feet in so short a distance, it follows 
of course that they are very rapid streams, with many chutes and 
falls. Moreover, since the greater part of the descent is accomplished 
within the limits of what has already been designated as the Ridge 
Area, whose width is only a small portion of the whole distance to the 
lake, it becomes all the more evident that waterfalls and rapids must 
abound. In fact, between the southern edge of the Penokee range, 
and the southern edge of the lowlands, a distance of only six to twelve 
miles in a straight line, the rivers fall from 600 to 900 feet, the single 
falls running from 20 to 90 feet in height. | 
Besides the streams named, there are also numbers of short and small 
creeks, which run directly into the lake from off the lowlands, or from 
the highlands of the Bayfield peninsula. Taking these into account, 
we may conveniently group all the streams of the region, the Apostle 
Islands being almost entirely streamless, into the four following sys- 
tems, which are named in the order of their importance, viz.: (1) the ° 
Bad River System; (2) the Montreal River System; (3) the Lake Shore 
System, and (4) the Chippewa River System. With regard to the 
last two, there is no need of adding anything to the information that 
can be obtained from the accompanying maps. A special description 
of the Bad and Montreal rivers, and their tributaries, is given below. 


Bad river, the Mauvaise rivitre of the early French explorers, is known to the 
Chippewas as the Mashkeg zibi, or Marsh river. The former name it appears to owe to 
the large amount of suspended matter in the water of its lower portions, which, flowing 
as they do for many miles between banks of red clay, naturally carry a great deal of 
clayey material to the lake. Since nearly all of the tributaries of Lake Superior are 
rapid streams, flowing over rock bottoms, this is an unusual peculiarity, and one pos- 
sessed only by the streams of the Wisconsin shore, amongst which Bad river is much 
the largest and most important. The Indian name refers to the fact that the river 
reaches the lake through a large area of open marsh, also a feature peculiar to this 
stream. Bad river drains in allan area of about 1,000 square miles, of which 815 miles lie 
within the district. Its branches stretch far to the east and west of the main stream, 
Tyler's Fork and Potato river reaching into range 2 east, while the head-waters of White 
river stretch to range 8 west, a total east and west distance of about fifty miles. 

The main trunk of the system heads in a large swamp area in T. 43, R. 1 E., and R. 
1W.' In the S. E. quarter of Sec. 9, T. 43, R. 1 W., two head streams unite, one 
coming from the north, the other from the south. The latter, which is the principal 
one, heads in the northwestern part of T. 43, R. 1 E., and pursues a course south of 
west through the swamp in T. 43, R. 1 W., to Sec. 21, T. 43, R. 2 W., where, receiving 
the drainage from the south of a string of small lakes, it turns north to the junctior 
mentioned. The Wisconsin Central crosses this branch in the S. E. qr. of Sec. 16, an 
again in the S. E. qr. of Sec. 9, at which places, respectively, the w: or surface stands 

} Throngh some oversight the engraver has omitted the uppor portion of Bad river from Atlas 
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at 895 feet, and 888 feet above Lake Superior, and the stream is about Y0 feet wide. 
After the junction of the two branches, the course of the river is northward for a mile, 
and then west two miles to the west line of T. 43, R.2 W. At the railroad crossing 
in the S. W. quarter of Sec. 5, it is 851 feet above the lake. After passing the town 
line, there is a turn to the northward through the extreme northeastern comer of T. 43, 
R. 3 W., and thence to the lake the course of the river is in general yorthward, though 
there are numerous minor deviations. 

At the crossing in the N. E. qr. of the N. W. qr., Sec. 36, T. 44, R. 3 W., the water 
surface is at 839 feet attitude, having fallen about 10 feet to the mile from the first 
crossing. Up to this point, the stream has been comparatively slow moving, flowing 
most of the time through marsh. Just beyond, however, a more rapid descent begins, 
there being in the northern part of Sec. 36 an 8-feet fall over granite. In Sec. 23, the 
railroad crosses three times in the S. W. qr., the water at the crossings being at 78%, 
721, and 762 feet atlitude, respectively. The first of these is only two miles from the 
crossing in Sec. 26, showing thus a fall of over 25 feet to the mile. Inthe S. W. qr. Sec. 
23, the fall is 26 feet, in about two-thirds of a mile. A short distance below the last 
named crossing, the river passes through a gorge in pinkish granite, narrowing in 
places to a width of only about 10 feet and falling about 20 feet in the 30 rods, there be- 
ing three leaps with rapids between. At the first crossing in Sec. 14, the attitude is 710 
fect, the river having fallen 52 fect in three-quarters of a mile, including the falls just 
described. Another crossing, only a few hundred feet along the railroad, shows a fall of 
. 17 feet in less than a quarter of a mile. All along here, to the crossing of the gorge at 
the south side of Penokee Gap, the river is 60 to 100 feet in width. At the gorge, it 
is contracted to 20 feet and the altitude of the water surface is 682 feet. Here the river 
has come in contact with the Huronian series, and is forced to flow along the strike, 
having worn itself a channel in the limestone which forms the south wall of the gorge. 
The passage northward through the Penokee Range is now made, the river widening, 
but preserving a rapid current in the valley known as Penokee Gap, which has a width of 
from 50 to 3U0 paces, there being a bottom land of some width on the west side of the 
river, where also the cliffs are boldest and highest. At the crossing on the north line of 
Sec. 14 the water surface stands at 670 feet, and half a mile down the stream, in Sec. 
11, at C64 feet. Just beyond the last crossing and around a curve in the river, there is 
a fall over ledges of diorite of about 12 feet in 10 rods. In the northern part of Sec. 11, 
there is a change to a northeasterly course, which continues through Sec. 1, T. 44, R. 3 
W., and the southern parts of sections 5 and 6, T. 44, R. 2 W., when there is a turn to 
the north along the east line of Sec. 31, T. 45, R. 2 W., the river all along being about 
100 feet wide, deep, and comparatively slow-moving. On the north line of Sec. 31 the 
altitude is about 6U0 feet. 

In the S. E. qr. of sec. 30, there is a passage through a deep and narrow gorge in gran- 
ite, with a succession of chutes and falls. The whole fall in Sec. 30 is about 100 feet, the 
river flowing in the northern part of the section through a valley some 200 feet in depth, 
though without rock ledges near the stream. From here the river, widening, continues 
northward with a swift current, but not broken by rock rapids, to the northern part of 
Sec. 19, then, bending to the east, through the northwestern part of Sec. 20, on the north 
line of which section it has an estimated altitude of about 430 feet. In the southern 
part of See. 17, the river contracts, the current grows swifter, and, finally, turaing to 
the north, makes a perpendicular leap of 25 feet into a narrow rock walled gorge. The 
full is a picturesque one, the river being divided into two channels by a high mass 
of rock, the western channel carrying the most water. Along the slanting bottom 
of this gorge, with a width of about 25 to 40 fect, the river rushes in a north- 
easterly direction for 1,100 feet, falling in this distance about 40 feet, to the mouth 
of Tyler's Fork, which enters from the east, and is the first important tributary re- 
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ecived. Immediately at the mouth of the latter stream, the gorge turns abruptly 
at right angles, trending now northwest. Directly in the angle of the convex or eastern 
side of the bend, Tyler's Fork enters Bad river by a fall of 45 fect over the wall of the 
gorge, here about 65 feet deep. The top of the wall is thus eut into by the former 
stream, upon which there are, a few rods above, two falls of 10 feet each. with interven- 
ing rapids, making the total fall at the mouth of the stream between 60 and 70 feet. 
Beyond the mouth of Tyler's Fork, the Bad river gorge, trending now northwesterly, 
deepens, soon reaching 100 feet, with overhanging walls of boulder-conglomerate and 
vertically placed sandstone. About a thousand feet below the fall of ‘Tyler’s Fork, the 
rock ledges disappear, and the river flows throuch a ravine walled by high banks of red 
clay, above which the ground rises rapidly on both sides of the stream. No data are avail- 
able for the altitude of the river surface in this portion of its course. It is estimated, 
however, that at the foot of Tyler's Fork fall, the elevation is about 320 to 330 feet, 
whilst the total fall within See. 17 can hardly be short of 125 to 150 feet. This would 
make the altitude at the north line of See. 17 about 250-300 feet. Beyond Sec. 17 the 
river has not been followed closely, but flows with a current gradually decreasing in 
rapidity, and with a tortuous course, through the red clay of the low lands to the mouth 
of the Maringouin, in Sec. 25, T. 46, R. 3 W. This is about six miles, measured along 
the stream from the north line of Sec. 17, T. 45, R. 2 W., and, as the altitude here can 
nat be more than 90 to 100 fect, the fall in this distance is at least 3O feet to the mile. 

The Maringouin comes in from the west, being the first important tributary received 
from that direction. At the junction both rivers are broad and deep, with a slow-mov- 
ing, muddy current, anda wide bottom land. From here, through T. 46, R. 3 W., to 
the fall in the southern part of T. 47, R. 3 W., while preserving the general northerly 
direction, the course of Bad river is exceedingly tortuous, as is usually the case with a 
slow-moving stream. The bottom land all along here is quite wide; from one-fourth to 
one-half mile. The river, however, quite frequently touches one side or the other of its 
valley, flowing at the foot of steep blutfs of bare red clay and sand, which mse 60 to 100 
feet above the water. ‘I'he third tributary of importance, the Potato or Opinike river, 
comes in on the east side two and a quarter miles down the stream from the mouth 
of the Maringouin. The falls in Sec. 25, T. 47, R. 3 W. are over the edges of layers 
of red sandstone and shale, which, dipping southward at an angle of about Js’, 
produce a series of small falls of one or two feet, for between a mile and a half and 
two miles along the river. Below the falls Bad river is again sluggish, deep and 
tortuous, flowing in T. 47, Rk. 3 W., 13 to 14 miles in making 6 miles. Bold 
clay banks flank one side or the other, nearly to the mouth of White river, which 
comes in from the west on the east side of Sec. 22, T. 48, R.3 W. Here the country 
is open, and now, made still broader by the accession of White river, Bad river turns to 
the eastward and passes through marsh to the lake, which it reaches near the middle of 
the west line of Sec. 17, T. 48, R.2 W. At the mouth there is a bad sand bar, but 
this could readily be improved, and since there is deep water immediately outside, 
whilst the river is deep inside, an excellent harbor could be made. Small tugs have 
frequently ascended to the falls. There are four principal tributaries of Bad river, 
which, named in the order of the distances of their mouths from the mouth of the main 
stream, are as follows: White rirer, or the Mashkeg Fork, entering from the west; 
Potato rirer or Opinke zibi, from the east; Maringouin or Mosquito river, from the west; 
and Tyler’s Fork, from the east. 

White River has a total length of about 40 to 45 miles. Heading at Long Lake, in 
T. 44, R. 7 W., Bayfield county, it pursues a generally northeasterly course to the west 
line of our district, which it crosses on the west line of Sec. 30, T. 46,R.5 W. From 
here the course, with many windings, is, in general, northeasterly through the clay 
banks of the lowlands. For the most part, the river runs in a valley 80 to 100 feet 
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deep and very steep-sided. At one place only are there any rapids or rock exposures. 
This is at Welton'’s dam, Sec. 6, T. 46, R. 4 W., where the current is obstructed by 
the edyves of southward-dipping layers of sandstone, exactly as at the falls of Bad 
river, Sec. 25, T. 47, R. 3 W. The total fall of White river from Long Lake is about 
700 feet, most of which is, of course, in the upper portions. 

Potato River has a total length of about 30 miles, in which distance it falls 900 to 
950 feet. The principal head stream starts in the northwest part of T. 45, R. 2E., 
flowing thence a southerly course along the southern foot of the Penokee Range. In 
Sec. 30, T. 45, R. 1 E., it turns north, and on the east side of Sec. 19 passes the Iron 
Range. Where first crossed by the east line of Sec. 19, the river is about 30 feet wide 
and 920 feet above Lake Superior. The Iron Range is passed in a narrow valley 150 
feet deep, with perpendicular cliffs of gneiss, silicious slate and magnetitic schist on the 
east side of the river. From here the gencral course of the stream is northerly to Sec. 
7 of the same town, where enters the other main fork, a stream which flows south of 
east along the north slope of the Penokee Range, just as the first named fork flows 
along its southern slope. From the junction of the forks, the Potato flows in general 
more to the east of north than before, showing many chutes and rapids, to about the 
center of Sec. 15, T. 46, R.1 W. Here begins the general westerly course, which, 
with numerous minor deviations, is preserved to the junction with Bad river. In See. 
1> the Little Potato comes in from the northeast, and on the west line of the same sec- 
tion the altitude of the river surface is about 443 feet. Through Sec. 16, the river 
flows in @ valley cut 60 to 80 feet in the red lacustrine clay, alternately approaching 
one side or the other of the valley, and having a narrow bottom 4 to 6 feet above the 
stream. There are no rapids or rock ledges crossing the stream in Sec. 16, on the west 
line of which section the water surface has descended to only 428 feet altitude. In Sec. 
17, however, 700 paces down the stream from the line, rock ledges and rapids begin, 
which are soon follow2d by a series of cataracts. The head of the rapids is ata point 
about 1,400 paces east and 300 north of the southwest corner of Sec. 17. At 800 east 
and 230 north of the same point, there is a very heavy rapid, below which the nver 
rushes along underneath a cliff of diabase, on the south side, to a point 500 feet down 
stream, where there is a fall of 25 feet over the same rock. On both sides of the west 
line of Sec. 17, at about 700 paces north of the southwest corner, is a series of bold falls, 
having a total descent of not less than 75 to 80 feet, in a distance of 500 feet along 
the stream, with two leaps of 25 feet and 32 fect, respectively. These falls are over 
vertically placed ledges of conglomerate, sandstone and shale. Below, again, the cur- 
rent is slower, with bold banks on either side of a narrow bottom-land. For about half 
a mile these banks are of red sandstone, overlaid by red clay, but beyond this of red 
clay only. On the west line of Sec. 18, the altitude of the water surface is not over 
960 fect, the total descent within sections 17 and 18 being about 170 feet. For the rest 
of its course the river is slow-moving, and very tortuous, with high banks of red clay 
on either side of a narrow bottom land, to the junction with Bad river, in the east half 
of Sec. 24, T. 46, R. 3 W. 

The Maringouin River was first so called by Colonel Charles Whittlesey in Owen's 
* Geological Survey of Wisconsin, Jowa and Minnesota,’’ on account of the number of 
mosquitos he found on its banks, “ maringouin *’ being the term used for these insects 
by the French royageurs. Many of the maps, and most of the inhabitants of the region 
have, however, corrupted this title to “ Marengo."’ 

The Maringouin is the tributary next in importance to White river, which it equals in 
length, being full 40 miles long from source to mouth, and which it nearly equals in the 
aize of the area drained. It heads in the southeastern part of T. 44, R. 5 W., and the 
southwestern part of T. 44, R.4 W. Thence the course is in general northeasterly 
to the Huronian belt of rocks in the northern part of Sec. 23 of the latter town. 
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Here the river is deflected for some distance along the northwestern strike of the 
Huronian, which forms the wall of the north side of the gorge, through which the 
river flows; the other wall being a pinkish Laurentian granite. Into the up-stream end 
of this gorge, about 20 rods south of the north line of Sec. 23, and 10) rods east of the 
northwest corner of that section, the mver descends in a series of three falls, having in 
all a height of about 65 feet, within a few rods. The two upper ones are respectively 15 
and 25 feet high, 50 feet apart along the stream, and fall towards the northwest. The 
third starts directly from the foot of the second, but falls westward, the three constitut- 
ing @ curve around a jutting mass of the pink granite. At the foot of the falls is a pool 
about 50 feet by 30, with a vertical wall of granite 47 feet high on the southern side. 
On the north side of the gorge, through which the river flows in Sec. 14 and into Sec. 15, 
there is a ridge 250 feet high, composed of the Huronian rocks. 

The west northwest course is pur-ued through the southern part of Sec. 15 to Sec. 16, 
when there is a turn to the north, the Iron-Bearing or Huronian rocks forming a high 
ridge on the left bank of the stream. From here northward through T. 44, R. 5 W., 
and T. 45, R. 5 W., the Maringouin has not been followed closely. In the former town 
the course is almost due north to the north line of Sec. 4. In T. 45, R. 5 W., however, 
the course is much more devious, there being several long excursions back and forth 
along the strike. In the northern part of this town, the river passes through the low- 
lands with the usual clay banks and low bottom-land. Here the course of the stream 
veers gradually to the eastward, in which direction it continues, after leaving T. 45, R. 
5 W. at the extreme northeast corner, to its junction with Bad niver. All along this 
part of the river the clay banks and low bottom continue, the water becoming more and 
more highly charged with suspended matter as the mouth is neared. At the railroad 
crossing in the northwest quarter of the northwest quarter of Sec. 36, T. 46, R. 4 W., the 
valley of the Maringouin is 700 feet wide at the top and JO feet deep, the river, with a 
width of not more than 20 paces, standing at an altitude of 188 feet. 

In the final easterly stretch, the Maringouin receives a number of tributaries from the 
south. These come from off the northern face of the Copper Range, and as they near 
the Maringouin flow in ravines cut deeply into the red clay. A number of these ravines 
are crossed by the Wisconsin Central Railway, which runs for some miles in an easterly 
direction as it ascends the steep northern face of the Copper Range. Twin creek, Trout 
brook and Wadleigh’s creek flow in narrow ravines 25 to 30 feet in depth, whilst the 
Silver creek ravine is 85 feet deep. All these streams have a heavy fall, rising at a 
height of from 690 to 700 fect above the Maringouin, and, with one exception, at a dis- 
tance of only about seven miles. The largest of them is Brunschweiler's river, which 
sets back much farther southward than the others, heading in some small lakes on the 
edge of a large swamp area in the northern part of T. 43, R.4 W. From here north- 
ward to Bladder lake, in sections 11, 12, 13 and 14, T. 44, R. 4 W., the creek is sluggish. 
Bladder lake is merely an irregularly shaped expansion of the Brunschweiler, surrounded 
by hills which show bare ledges of a very coarse gabbro. Where it leaves the north end 
of Bladder lake, the Brunschweileris only about six feet wide, and here begin at once 
the chutes and rapids which extend along the whole course of the creek, with only small 
intervening etill spaces, until after the Copper Range is passed in Sec. 15, T. 45, R. 4 
W. Bladder lake could readily be raised for a number of feet, by making a dam at the 
outlet, and, on account of the peculiar conditions, the expense would be but slight. The 
water-power is a very valuable one. Below Bladder lake, and to the passage of the 
Copper Range, the Brunschweiler flows in a narrow valley, with steep hills showing 
bare ledges of gabbro on either side. These hills frequently close together, producing 
narrow gorges, with vertical walls rising from the water's edge. Atthe passage of the 
Copper Range, near the northern line of Sec. 22, T. 45, R. 4 W., is a series of falls and 
chutes, the last on the river. The descent here is about 30 feet in six or seven rods. 
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Below here to the junction with the Maringouin, near the center of Sec. 32, T. 46, R.3 
W., the usual clay banks, muddy water and slow current, are met with. 

Tyler’s Fork, the last of the important tributaries of Bad river, and the only one of 
them that does not reach the lowlands before joining the main stream, has a total 
length of about 30 miles, and a total fall of nearly 700 feet. It heads in the large 
swamp near the middle of T. 44, R. 1 E., and flows thence south of west to Sec. 28, 
T. 44,R.1W. From here it flows northward to the Penokee Range, which it passes 
in Sec. 33, T. 45, R. 1 W. This passage is mapped on Plate XIII of this volume. 

Where the river first strikes the Huronian, it is about 15 paces in width, sluggish, and 
standing at about 860 fect above the lake. A short distance beyond, however, at a 
point 150 paces north of the east quarter-post of Sec. 33, the first rock is seen, and the 
river, just before flowing north, is suddenly deflected for 25 paces along the strike direc- 
tion of the slate, N. 66° E. Turning then again abruptly, at right angles, a fall of 
about 5 feet is made at 190 paces north of the quarter-post. At 220 paces, the stream 
is again forced to follow the prominent strike lines, and now flows in a S. 66° W. direc- 
tion, through a rock gorge 25 to 45 feet deep, and 20 to 30 feet wide at the river level, 
for a distance of about 140 feet. At the end of this gorge, another abrupt turn at nght 
angles is made, and the rock, lying thus athwart the stream, produces two falls, in all 
about 15 feet high. Even the falls themselves show the influence exerted by the strike 
upon the course of the water, for part of the upper leap is made to fall across the rest, 
and the whole stream between the upper and lower leaps is foreed to follow the strike 
direction for a few rods. From the foot of the lower fall, a narrow gorge, this time 
across the strike, extends some 40 paces along the river with 30-feet walls on either side, 
and a width of about 15 to 20 feet. Some 45 paces below this gorge, there is another 
low fall, but for most of the distance through the rest of Sec. 33, and to the falls near 
the middle of Sec. 28, the stream is sluggish, and passes through alder swamps and old 
beaver dams. The falls in Sec. 23 are made up of a series of low plunges, over black 
slate, the descent being some 20 feet in 200 paces. At the north line of Sec. 20, the 
river surface stands at 760 feet above Lake Superior. 

Beyond Sec. 28, T. 45, R. 1 W., the general direction of Tyler's Fork is a little west 
of north to the north line of the town, the river having in this distance a fall of some 
200 feet, but no notable cataracts. Where the north line of T. 45 is crossed, the river 
is In swamp, and so continues, changing at the same time to a westerly course, to the 
west line of T. 46, R. 1 W., where the water surface has an altitude of 528 feet. Here 
the course changes to southwest, the marsh continuing through Sec. 1 and into Sec. 
2 of T. 45, R.2 W. The southwesterly course is continued through Secs. 11 and 10 
without rapids and with a strong current. From the southern part of Sec. 10 to the 
southwest quarter of Sec. 15, the course is nearly due south. At the south line of Sec. 
10, the altitude is 512 feet. In the southwest quarter of Sec. 15, there is a turn at right 
angles toa generally west course, and at the crossing of the east line of Sec. 1o the 
altitude is 485 feet. The total descent in this section is thus 28 feet, the current becom- 
ing swifter, though as yet no rapids or rock ledges have appeared. In Sec. 16, 529 paces 
below the east line of the section, begins the series of rapids, which, with a few short 
intervening spaces, continne to the mouth of the river, ending with the wild senes of 
falls mentioned in descending the gorge of Bad river. On the west line of Sec. 16, the 
river surface has descended to 416 feet altitude. The heaviest rapids are in Sec. 17. 
There the course of the river is about north 25° west for some 1,200 feet, when it makes 
a short semicircle to the westward. In this curve are the three falls, respectively 10, 10 
and 40 feet, by which the descent into the Bad river gorge is made. The entire descent 
of Tyler's Fork in Sec. 17 is between 80 and 90 feet. 

Montreal River, the Wasijiwang zibi of the Chippewas, drains a much smaller area 
than Bad river, but, though not carrying so much water as the lower Bad, 1s often as 
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broad a stream, especially after the reception of its main branch, the Gogogashugun. 
The total area drained by the Montreal, in Wisconsin, is about 177 sqnare miles. Since 
it forms, for a large portion of its course, the boundary between Wisconsin and Michi- 
gan, a large part of its drainaze area hes within the latter state. The main tributary 
of the Montreal, the Gogogashugun, is nearly as large a stream as the upper Montreal 
itself, and receives a much larger share of the entire drainage area of the Montreal, as 
far as Wisconsin is concerned. 

The Montreal heads in T. 43, R. 3 E., in a tangle of swamps and small lakes, among 
which its head-waters interlock with those of the Flambeau, the main tributary of the 
Chippewa. From here the course is a northerly one through T. 43, R. 3 E., and T. 44, 
R. 3 E.—ia which town it passes through Pine Lake — the current slow, the river nar- 
row, and the banks generally alder, tamarack or cedar swamp. Jn the northeast part 
of Sec. 33, T. 45, R.3 E., it meets the state line, and from this point to the mouth is itself 
the state line. Through the remainder of T. 45, R. 3 E., the course is north of west to 
the northeast corner of Sec. 6, and thence through the southwest corner of T. 46, R. 3 E., 
to the Penokee Range, which is passed in See. 24, T. 46, R. 2 E. There is no remarkable 
gorge or fall here, the river flowing with a quite rapid current throngh a wide valley, 
and making only two small rapids over the upturned edges of a dark slaty rock. On 
the north line of Sec. 24 the river is about 910 fect above the lake. The same west-of- 
north course is continued through T. 46, R. 2 E., in Sec. 11 of which town there is a 
series of three falls over green diabase and diabase-amygdaloid. The uppermost of the 
three descends in all some 25 feet in three leaps, with chutes between; the other two, 
each made up of a succession of leaps and chutes, are respectively about Jo and 15 
feet in perpendicular height. Below these falls to the north line of T. 46, rock ledges 
and small rapids continue. Just after crossing the line the general course of the river 
changes to the eastward, in which direction it continues, with minor deviations along 
the strike directions, to the mouth of the Gogogashugun in Sec. 32, T. 47, R. 2 E. 
Here the water surface has descended to 5038 feet above Lake Superior. From here, the 
course is, in general, north two miles, then west three miles, and north two, to the south 
line of Sec. 13, T. 47, R. 1 E.; thence northwest to the centre of Sec. 14, west to the 
southeast quarter of Sec. 15, southwest and south to near the centre of Sec. 22, and 
westerly to the falls in the southwest quarter of the northwest quarter of Sec. 21. The 
minor deviations are, however, very many, the river frequently doubling on itself, pro- 
ducing loop-like forms in its course. 

From the mouth of the Gogogashugun to the crossing of the old Flambeau trail, in the 
northeast quarter of Sec. 21, the Montreal flows a rapid current ina stecp-sided valley, 80 
to 100 feet deep, frequently approaching the bluffs on one side or the other, but is 
wholly without rock rapids. On the south line of Sec. 24, T. 47, R. 1 E., the altitude is 
440 feet; and at the crossing of the Flambeau trail 383 feet. Below the trail the river 
continues to 1un between steep banks, 50 to 80 feet high, but flows faster, almost con- 
tinuous rapids, with several two-feet falls, extending from 80 paces below the trail to the 
main falls, These are right in a sharp bend of the river! and descend, in two leaps, 
with chutes between, a total perpendicular distance of 78 feet. The lower fall is 40 fect 
high. From its foot the river rushes through a tortuous and narrow gorge, the over- 
hanging walls of boulder conglomerate in one place rising over 200 feet above the water. 
From the mouth of this gorge, near the center of Sec. 20, there is a nearly straight 
N. 30° W. course to the lake, sandstone ledges frequently showing in the side and bot- 
tom of the river. About twenty chains from the lake shore there are falls, in all 90 feet 
in height, over the vertically placed sandstone ledges. From the foot of the falls to the 
lake the river is deep and still, with walls of sandstone and red clay 90 feet high on 


2 See special maps of the Lower Montreal, Plates XVIII and XIX of this volume. 
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either side. Across the mouth is a pebble beach, between which and the west wall the 
river water escapes to the lake in a narrow channel. 

The total fall of the Montreal is about 1,000 feet in a total length of about 50 miles. 

The Gogogashugun river (‘river crossed by a fallen, swaying tree’’) is the main 
tributary of the Montreal, and may quite properly be regarded as one of the two forks that 
unite to form the Lower Montreal. In Foster and Whitney's report, the Upper Montreal 
and Gogogashugun are called respectively the Pine and Balsam rivers. The name here 
given to the latter is taken directly from the Chippewas, who recognize as the ‘‘ Shin- 
gopes”’ or Balsam only one of the head-streams of the Gogogashugun. The total 
length of this stream is between 25 and 30 miles, in which distance there is a fall of 
nearly 500 feet. It heads in the swamp in the southeast corner of T. 44, R. 1 E., passes 
Island Lake in the southwest part of T. 44, R. 2 E., and eastward to the southern part 
of Sec. 21, in the same town, whence the course is nearly due north to the junction with 
the Montreal. South of the Iron Range, the stream is mostly sluggish, and bordered 
by alder, tamarack and cedar swamp. The Iron Range is passed in the southern part 
of Sec. 27, T. 46, R. 2 E., on the south line of which section the water surface is 975 feet 
above Lake Superior. At the passage, there are several falls over the same slates that 
form the barrier at the gorge of Tyler’s Fork. The stream,? ‘‘on coming in contact with 
the barrier, follows the strike for several rods in a narrow trough, when it divides. One 
branch, turning abruptly acrosg the beds a few fect and then returning along the strike 
a short distance, again turns across the beds and follows anarrow channel entirely across 
the schists. The main branch keeps onward along the strike fora short distance beyond 
the point of division, and then turns at right angles and plunges down a narrow channel 
across the beds, until it is joined by the smaller kranch some distance below.”’ Soon after 
passing the Iron Range the river passes through a large alder swamp (Sec. 21), beyond 
which, in Secs. 16 and 17, begins a series of rock exposures and small rapids, which end 
In a succession of low falls just south and north of the north line of Sec. 8. At the 
crossing of this line, the river is at 530 feet altitude. Below, there are no rapids or falls 
to the junction with the Montreal, where the altitude is 503 feet. 


Artesian Wells. This subject may be properly alluded to here, since 
these wells are fed by underground currents of water. No attempt, so 
far as [am aware, has ever been made to obtain an artesian flow within 
the district, but a few words of caution on the subject may not be amiss. 
In all of that portion of the district lying without the “ Lowland Area,” 
any attempt to obtain a flowing well would of course be wholly futile; 
nor is it likely that any such attempt would be made, on account of the 
forbidding nature of the rocks. In that region, however, which is un- 
derlaid by the red marly clays, all around Ashland, for instance, the 
conditions are such as at least warrant an experiment; for here we have 
a series of stratified, impervious clays, including inter-stratified sandy 
layers, and not improbably rising slightly southward, towards the 
mountainous interior. The last point is the doubtful one. The same 
red clays yield flowing wells over a large area in eastern Waushara and 
adjoining counties in eastern Wisconsin. They have there, however, 


2 From a description of the passage of this river through the Iron Range, furnished by Professor 
Chamberlin. 
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distinct slant eastward, and a larger spread upon which to collect the 
surface water; which, of course, is the ultimate source of all subterra- 
hean water. 


VEGETATION AND SOILS. 


These are treated here only in their most general relations, as affect- 
ing the physical aspect of the country, and as dependent upon, or con- 
nected with, the underlying geological strueture. 

The whole region is densely wooded, forming but a small part of 
the great northwestern forest, whose well known general characters 
hold here also. So dense is the timber growth that not only is travel- 
ing rendered to the last degree dithcult, foot traveling being the only 
kind possible, but it is a rare thing that one can see more than a few 
rods, or attain a point of observation from which any wide view, or 
good general idea of the topography, can be obtained. The traveling 
is rendered yet more difficult by the frequent areas of fallen timber, 
known as “windfalls.” These are well enough known in all of the 
Wisconsin forests, but never become so well known as to be welcome to 
the “packer” through the woods. They are like great swaths, having 
been prostrated by hurricanes, and are often sharply defined from the 
standing timber around. ‘The trees at times lie all in one direction, 
but in other cases are wholly without such arrangement, having been 
prostrated by a tornado. The great windfall of September, 1872, so 
far as my knowledge goes, is as much as forty miles in length, though it 
is reported to have a greater length than this. It crosses the Chippewa 
river in Sec. 23, T. 40, R. 5 W., with a width of about one and one-half 
miles. Beyond this point it trends east of north to the Wisconsin Cen- 
tral Railroad, about three miles south of Penokee Gap, where it has a 
width along the railroad of about two miles. From here it passes, with 
a width of never less than a mile, and with not a tree standing, directly 
through the hard wood timber of the Penokee Range, in Sec. 7, T. 44, 
R. 2 W., and thence northward to and beyond the junction of Tyler’s 
Fork and Bad river. The latter stream enters it also in Sec. 31, T. 45, 
"R. 2 W., where it lies on both sides of the river. When last traversed 
in 1877, this windfall had been partly burnt over, but was, for the 
most part, made more impenetrable than ever on account of the new 
and dense growth of bushes and small trees. In crossing it on the 
Penokee Range, it was found necessary to cut the way with an axe for 
nearly a mile and a half. 

The prevailing trees of the district are of evergreen varieties. In 
the lowland ureas north of the Copper Range, the prevailing growth 
noticed was of balsam, hemlock, spruce and birch, with some white 
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cedar and occasional areas of pine, or scattering pine trees. On the 
northern flank of the Copper Range, and generally in the valleys of 
the ridge district, hemlock appears to prevail. On the summits and 
slopes of the higher ridges, however, and in the vicinity of the Montreal 
river, over wide areas of elevated country, sugar maple predominates. 
The whole length of the Penokee Range is marked by a belt of sugar 
tree, always very sharply defined from the evergreens of the lower 
levels on either side, and running from one or two hundred paces to a 
mile in width. The maple trees are generally of much larger size than 
those of the evergreen varieties, and where they grow there is much 
Jess undergrowth, the traveling being, consequently, much more agree- 
able. In the swampy region south of the Iron Range, the timber is 
mostly balsam, cedar, spruce and tamarack of small size, with scatter- 
ing large pine trees and occasional tracts of white pine. 


Of the soils, it may be briefly said that they belong to four general 
varieties: a red marly clay; a “loamy” soil; a swamp or wet land soil; 
and an alluvial or river-bottom soil. 

The ved marly clay soil extends over all of the lowland area, stretch- 
ing also well up on the Copper Range, to a height of between 500 and 
600 feet above the lake. It also covers all of the Apostle Islands and 
all of the country along the Bayfield coast, from which it stretches in 
places some miles inland, the highest portion only of the eastern end 
of the Bayfield Ridge being free from it. This soil is directly derived 
from the great thickness of Quaternary (post-glacial) lacustrine clay 
which, interstratified and mingled in places with more or less sand, 
overlies so considerable an area along the south shore of Lake Superior. 
It is the same in age and general nature as the marly clay soil of the 
shores of Lake Michigan, though for much of our district it is, per- 
haps, more thoroughly clayey. It generally carries a very light coating 
of vegetable accuinulation, and is everywhere covered with a thick 
growth of evergreen timber, for the most part not of large size. In 
places this clay is mingled with enough sand to make it good for 
agricultural purposes; but as a general rule it is so purely clayey 
and tenacious, baking under the sun to a very hard, almust stony con- 
sistency, that it is a much less valuable soil than that next to be de- 
scribed. It is, however, always charged with a considerable quantity 
of lime and magnesia carbonate, and by thorough working may be 
made gradually available. The following are analyses by Prof. W. W. 
Daniells, of samples of this clay collected in the immediate vicinity of 
the village of Ashland: 
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The loamy soils, which are the best in the district, are found on the 
higher lands for the most part, or the tops of the ridges that character- 
ize What has been called the “Ridge Area.” They support always a 
heavy growth of hard wood, chiefly sugar tree, and are excellently 
adapted for all such crops as are able to withstand the rigors of the 
Lake Superior climate. The whole length of the Penokee Range is 
characterized by such a soil, but wider areas are found on the Gabbro 
and Copper Ranges near the Montreal river, where excellent hard wood 
land covers nearly the whole width of the elevated country between the 
Tron Ranges and Lake Superior. 

The samp or wet land soils are especially characteristic of the 
country south of the Iron Range, where more than half the surface is 
oceupied by tamarack and cedar swamps. Lesides these true swamps 
there are other areas hardly wet enough to be so called, which yet sup- 
port a more or less distinctly swamp timber growth, chiefly of cedar. 
Such areas abound in the country south of the Iron Range, and are 
frequently met with also in the valleys between the more northern 
ridges. 

The alluvial or river bottom soils have not a wide distribution; they 
are, indeed, only of any importance in the valley of the lower Bad river 
below the mouth of the Maringouin. Much of this “bottom,” which 
reaches sometimes half a mile in width, is an excellent soil, being a 
fine river silt mingled with much vegetable mould. This is especially 
the case below the lower falls. In some of the branches of Bad river, 
where they pass through the red clay, it was noticed that the bottom 
was almost wholly sand, and a very poor soil, and this was attributed 
to the washing ont of the clay by the current, the sand being left to 
form the bottom. 

Agriculture is ag yet only a matter of experiment, not more than 
three or four farms having been tried before the recent completion of 
the Wisconsin Central road, and those only intermittently, and on a 
small scale. 
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CHAPTER II. 


THE LAURENTIAN SYSTEM. 


Every where south of the Penokee Range, the country is underlaid 
by the rocks of this system. This area includes all of T. 43 that lies 
within the district; all of T. 44 in ranges 1, 2 and 3 east; nearly all 
of T. 44, R. 1 W.; the southern portion of T. 44, ranges 2, 3, 4 and 5 
west; all of T. 45, ranges 2 and 3 east; the southeastern half of T. 45, 
R. 1 E.; the southeast corner of T. 45, R. 1 W.; the southeast corner 
of T. 46, R. 2 E., and the small part of T. 46, R. 3 E., that lies west of 
the Montreal river; in all about 550 square miles — but a small pro- 
portion of the great Laurentian area of Northern Wisconsin. 

The northern boundary of the Laurentian area is very sharply marked, 
not only topographically, by the abruptness of the southern face of the 
Penokee Range, but geologically also, since the southernmost rocks of 
the Huronian system are nearly continuously exposed, while the Lau- 
rentian exposures are more frequent near the boundary line than else- 
where. The only exception to the general rule of the continuity of 
these exposures is in T. 44, It. 4 W., where not only the exposures are 
wanting, but the Penokee Ridge itself has disappeared. Even here 
we are able to mark out the line with as great certainty, since the mag- 
netic belt of the Huronian, one of its lowest members, has been traced in 
detail by Mr. C. E. Wright, with the aid of the magnctie necdle. 

The topographical characters of the Laurentian area have already 
been indicated. It is merely necessary to repeat here the main facts. 
The region is an elevated one; asa whole much the most elevated 
portion of the district, since it lies at an altitude of 850 to 1,200 feet 
above Lake Superior. The surface is, in general, without sharp or 
prominent ridges, and is largely ocenpied by tamarack and cedar 
swamps, between which rise the low and rounded hills of drift mate- 
rials. Some of these low ridges are of rock, and then show numerous 
rounded ledges or “roches moutonnées” of pinkish-weathering granite 
or gneiss. As a rule, however, exposures are rare, the Immense drift 
accumulations, and large swamp areas, constituting an effectual cover- 
ing to the underlying rocks. The exposures are most frequent imme- 
diately under the southern side of the Penokee Range and near the 
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rivers. Further southward the drift becomes heavier and heavier, 
reaching its greatest development on the summit of the watershed. 
The rocks of the Laurentian area, so far as the exposed portions are 
concerned, are of dark colored and altered (chloritic) hornblende-gneisses 
and pink quartzose granites. The hornblende-gneiss is always very 
plainly laminated, frequently highly schistose, and the whole internal 
structure of the rock, as seen under the microscope, shows conclusively 
its original clastic condition. The granites are generally without such 
distinct bedding, but appear, nevertheless, to be true metamorphic 


granites. No eruptive granite, recognizable as such, has been observed, | Me Bref bore 


It is not possible, vue Oe the limits of our district, to 
reach any important generalizations with regard to the Lanrentian 
series. It is evident enough that the rocks are of a trne sedimentary 
origin, and that they have been folded in an exceedingly intricate man- 
ner, The strike directions run from slightly north of west to about 
north 50° east. Judging from the very constant southwesterly courses 
of the various branches of the Chippewa just south of the southern limit 
of our district, the northeasterly strike direction must be the prevailing 
one. 

It is not known that the Laurentian rocks of our district include any 
useful mineral substances. So far as known, they are entirely desti- 
tute of metallic ores. Since this is the case with the same series in 
its known extension into the upper peninsula of Michigan, it is not 
thought likely that any important discoveries will be made in the 
future in Wisconsin. 

LOCAL DETAILS. 


Along Bad river, in T. 44, R. 3 W., south of the Penokee Range, several ledges of 
granitic rocks are to be seen, and one or two in the northern part of T. 43, R. 2 W. 
The southernmost of these is on the railroad line. It is a pinkish granite, but was not 
closely examined. In Sec. 36, the great windfall of 1872 crosses the river and railroad. 
The open space left by the fallen trees, being on quite high ground, affords one of the 
rare chances for a wide view to be obtained in this region. Along the course of the 
windfall, which is here about one mile and a half wide, numerous low, rounded knobs, 
or “‘roches moutonnées,” of pinkish-weathering granite are to be seen. One of these, 
near the south line of Sec. 56, is a gray, fine-grained, gneissoid granite, having a dis- 
tinct bedding in a direction a few degrees north of east, and a vertical dip. In the 
northern part of Sec. 56, the gramite causes a fall in Bad river. 

Just west and north of the centr? of Sec. 23, T. 44, R. 3 W., Bad river passes through 
& narrow gorge, in pink-weathering granite. The gorge is about 30 rods in length, the 
river here flowing about 20 degrees north of east, and there are falls and rapids, 
amounting in all to about 20 feet pernendicular descent. On the north side, the rocks 
are about 10 feet high, and at the eastern end of the gorge, about 100 feet south of the 
river, is a smoothed and rounded (roche moutonnée) wall of pink granite, about 50 feet 
(ong and 25 feet high. Through a part of this, there is now a railway cutting whose 
sentre is just about 200 feet west of the centre of Sec. 23. The rock (24.2040) at this 
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place is medium-grained, bright pink in color, and very highly quartzose; sp. gr., 2.65. 
Besides the predominating pink to grey translucent quartz, there is much pinkish 
orthoclase which is bright surfaced, and for the most part quite fine, though occasionally 
the facets reach one-eighth of an inch in diameter. The mica is always sparse and, 
macroscopically at least, often wanting. No bedding structure whatever is visible, 
though strong joints occur. Thin seams of an aphanitic dark greenish-gray to black 
rock (2,041) traverse the face of the exposure. At the west or upper end of the gorge, 
the granite (2,042.20) is medium-grained, showing a grayish-white ground mass of milky 
quartz, mingled with a good deal of white and pink bright-faceted feldspar, and mottled 
with fine shining black mica. The same black seams (2,043; sp. gr., 2.73), weathering 
to a light earthy-green, are seen here again. These veins are very sharply defined from 
the aljoining granite, and have a width of 2 to 3 inches. Near the lower of the two 
principal leaps in the gorge, the granite (23) is medium-grained, light-gray, and highly 
quartzose, but here shows a distinct stringy arrangement to the fine and sparse black 
mica. Twenty feet below the lower fall, on the north side of the river, the granite 
(25; sp. gr., 2.62) contains more feldspar than usual, this ingredient appearing in 
abundant white shining facets. A deeply weathered crust contrasts this rock also with 
the more quartzose kinds, 

Following Bad river northward, we find no further exposures until Penokee Gap is 
nearly reached. In this vicinity, in the southeast quarter of the northwest quarter of 
Sec. 14, T. 44, R. 3 W., are some large natural exposures of hornblende-gneiss, on and 
near the river, as also in the two large railway cuttings through the same rocks. In the 
southwest quarter of the same quarter-section are other Laurentian exposures. Fora 
further understanding of the relative positions of these ledges, the reader is referred 
to the large detailed map of the vicinity of Penokee Gap, Atlas Plate XXIII. 

Underneath the southern end of the truss bridge over the gorge of Bad river (the 
southernmost of the bridges shown on the map referred to) a crystalline limestone, the 
lowest member of the Huronian series, is in sight. Eighteen steps south of this rock, 
along the railroad track, is the beginning of the first cutting in the Laurentian gneiss, 
This cutting is about 44 steps long, with the rock 10 to 15 feet high on the eastern side. 
Throughout the whole length, a very marked bedding structure is apparent, some portions _,, : 
being even highly schistose. The dip is 73° to the southward, while the Huronian rocks huvrug aw 
a few fect off incline to the north. The strike is a few degrees south of west or oblique \ wateu Cete @ 
to that of the Huronian beds; a very satisfactory demonstration of unconformability ) gy The . 
being thus afforded. The whole face of the exposure presents a dark-cotored appear- Cauda (he 
ance, owing to the large amount of hornblende that is present either in the original or 
altered form. Strong master-joints, trending north 15° west, and showing large smooth, 
iron-stained surfaces, traverse the rock. Less prominent joints trend at nght angles to 
these. At the north end of the cut, the gneiss (1,405; sp. gr., 2.69) is dark gray, 
speckled with white, compact, minutely crystalline, and without subordinate lamination, 
but showing distinct layers a few inches in thickness. The mineral ingredients appar- 
ent are: gray quartz, which predominates; very fine faceted bright feldspar, abundant; 
black hornblende (and probably mica), very fine, and scattered throughout, producing 
the dark color. Little strings and minute bunches of pyrite are frequently visible. The 
weathered surface is pinkish-white. Seven steps farther southward come in 312 feet, in 
very distinct layers, 1 to 6 inches wide, of a glistening black kind (1,106: sp. gr., 2.92), 
in which there is present a great deal of fine black mica (biotite). Long blades of 
apatite crowd both the quartz and feldspar of this rock, as seen in the thin section. 
Next to this is a band, 2 feet wide, of a light gray highly quartzose kind (1,407; sp. gr., 
9.55), which is exceedingly fine-grained and compact, with a conchoidal fracture, and 1s 
ribboned with light reddish-stained seams. This rock has almost the appearance of a 
quartzite, contrasting much with the surrounding darker-cclored mater‘al. Under the 


THE LAURENTIAN SYSTEM. 95 


microscope, it is seen to be chiefly made up of much rounded quartz granules, which 
run from .037 m. m. to .140 m. m. in diameter. In the gray portion of the rock these 
are mingled with numerous biotite-scales (.09 to .15 m. m. long), most of which he 
parallel to the schist plane. In the pink or reddish bands, the entirely separated and 
very much rounded quartz grains are imbedded in a pink mossy matrix, composed 
chiefly of hardly translucent orthoclase. 

Next to the foregoing are ten inches of dark-green, greasy-surfaced chloritic schist 
(1,408; sp. gr., 2.72), with interlocking laming. This is really only a highly altered 
form of the normal rock (1,411) of the cutting; the unusual amount of alteration being 
due, probably, to the close lamination and high content of hornblende. The slice shows 
a greatly predominating amount of a greenish-brown, scaly to highly fibrous material, 
which in part is feebly dichroitic, but is for the most part without dichroism, and is 
evidently chlorite, in ditferent stages of alteration from hornblende. A little quartz is 
contained. Beyond, to about 17 steps from the beginning, are further alternations of the 
light-colored quartzose kind (1,407) and the green chiloritic schist (1,408). At 18 paces 
are thin layers (1,409), made up of light pinkish-gray, highly quartzose seams, and very 
thin lamine, composed almost entirely of lustrous black hornblende, the leaves of which 
reach 5m. m.inlength. Beyond, again, comes in the comparatively unaltered blackish 
gneiss (1,410, 1,411; sp. gr., 2.75 to 2.78), which seems to be the normal rock of the ndge. 
A large sample (1,411) from this place is described in detail by Mr. Julien in Appendix 
B., to which reference is made. It is only necessary to state here, that it is a nearly 
black, rather fine-grained, compact rock, finely banded with seams which are alternat- 
ingly rich in quartz and hornblende; that it consists essentially of orthoclase, plagioclase, 
quartz, hornblende, chlorite and magnetite, and is properly a chloritic hornblende-gneiss, 
the chlorite being merely a pseudomorphous alteration-product of the hornblende. To- 
wards the south end of the cutting the quartzose seams often predominate over, and are 
wider than those rich in hornblende, and the rock consequently takes on a lighter hue. 

It is evident enough that all of the rock at this place is essentially the same, the vari- 
ations being due either to the predominance of one or other ingredient in different layers, 
or to the amount of alteration, which is, naturally, greatest at the northern end of the 
cutting, or near the surface of the northern slope of the hill. 

Passing directly west from the cutting just described, Bad river is met at about 100 
steps, just at a sharp bend. On the opposite or western side of the river, the same horn- 
blendic gneiss rises precipitously from the water, forming a rocky knob over 50 feet high, 
the exposures covering an area of about 100 paces from east to west, and 50 paces from 
north to south. In outward appearance the rock from all portions of this knob (1,465, 
1,466 — sp. gr., 2.96 — from the foot of the cliff on the nver, at about 35 paces west of 
station 115, Atlas Plate XXIT; 1,462, 1,463, 1,464, respectively from 40 paces south of, 
15 paces south of, and at, station 112) is quite uniform and essentially the same as the 
normal rock in the cutting, the only apparent difference being a more uniform black 
color, due to a greater amount of the hornblendic ingredicnt. The slice (1,466) bears 
out the conclusions drawn from the outward appearance of the rock, showing to the 
naked eye the dark-colored ingredient, in scales up to 0.5 and 2 m. m., as the predom- 
inating one. With the loupe this constituent is seen to be partly deep-green (chlorite) 
and partly brownish-green (hornblende). Under the microscope (X75), the hornblende 
is in pale brownish-green plates of very irregular shape, often confusedly intermingled 
with each other, and with the chlorite scales, which are very highly dichroitic and show 
the prismatic cleavage distinctly. The chlorite has a bluish-green color, and shows gen- 
erally some traces of the dichroism and cleavage of the hornblende from which it is 
altered. Orthoclase is the next ingredient in abundance, while the plagioclase and 
quartz are much less plenty than in the rock examuned by Mr. Julien. Munute fissures 
0.1 m. m. wide traverse the slice, and in their reighborhood a considerable quantity of 
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red ochreous matter prevades the feldspar to a distance of 1.5m. m._ All of the rock of 
these ledges is very distinctly gneissoid, with a nearly E.-W. strike, and a dip of 85° S. 
A westward continuation of the same hornblendic gneiss is seen in asmall knob 30 paces 
north of station 106, where it is very fine-grained, and compact, with a uniform dark- 
gray color (1,461). 

South of the railway cutting above described, another, at a distance from the first of 
110 steps, measured along the track, represents a more southern belt of rock. This cut- 
ting is 44 steps long, with rock on the east side rising to aheight of 3 feet, and showing 
a dip of 76° 8., the strike being the same as in the more northern cutting. The rock is 
almost essentially the same. At the north end of the cutting it (1,413) is very finely 
banded light and dark, and is the same as the rock examined by Mr. Julien (1,411). At 
8 steps further south the grain is very much finer (1,414; sp. gr., 2.79), the slice showing 
the ingredients quite uniformly intermingled, with a predominating amount of much 
rounded grains of quartz and orthoclase. At 18 paces the rock (1,415; sp. gr., 2.83) be- 
comes soft and highly schistose, the layers showing a greasy, shining, brownish-green 
surface, due to a large proportion of partly altered mica, which is arranged along certain 
lamin. Under the microscope the principal ingredients are seen to be fibrous horn- 
blende, for the most part somewhat altered, and yellowish-brown mica. Fine magnetite 
is scattered through the section. At 38 paces, in the normal, compact, black rock, are 
white bands, 1 to 114 inches wide, composed chiefly of very fine-granular quartz (1,416). 

At 18 paces beyond the end of the exposure in the cutting, the normal dark-colored 
gneiss is seen, some yards east of the track, interbedded with light-colored, very quartz- 
ose seams several feet in width. The rock of these seams (1418) 1s pinkish-gray, 
fine-grained, of a gneissoid texture, and composed almost wholly of grains of quartz 
and pink and white orthoclase .04 to .4 m. m.in diameter. Under the microscope 
the orthoclase is milky from partial alteration, and a few plagioclase grains are seen. 

For 40 paces further the rocks are concealed, and then 30 feet of the dark-colored 
gneiss, (1419) with light-colored bands, (1426) show in a ‘‘ borrowing ’”’ to the east of 
the railroad. 

At the quarter post on the west line of Sec. 14, in the bed of a small stream, are 
large ledges of a medium-grained pinkish granite. (1400). 


West of Bad River. In T. 44, R. 4 W., several granite ledges have been noted. 
Pinkish-weathering granites occur on the head-waters of the Brunschweiler river in 
sections 27 and 28. At the southwest town corner (S. W. cor. Sec. 31), are ledges of a 
dark gray, fine-grained, compact, gnessoid rock, which microscopically shows predomi- 
nating gray quartz, fine white feldspar, some dark-colored mica, and probably also 
hornblende. 

Several ledges on the west line of Sec. 30, T. 44, R. 4 W., show a rather fine-grained 
pinkish-gray gneissoid granite, with very fine-scaled black mica arranged in lines. 

In the vicinity of the falls of the Maringouin! in the N. W.qr., Sec. 23, T. 44, RB. 5 
W., are a number of exposures. The falls, which are about 50 paces south and 500 
west of the northwest corner of Sec. 23, are themselves over granite; and the same 
rock shows for some distance below on the south side of the stream, whilst above, the 
course of the river is through granite for about a quarter of a mile. At the top of the 
chff at the falls, on the west bank of the river, the granite (88, sp. gr., 2.62) is medium- 
grained and flesh-colored, the principal ingredients being apparently quartz and pinkish 
orthoclase, with which are associated some whitish feldspar and blackish-green mica 


eS i ee 

1As Mr. C. E. Wright has made a detailed examination of this vicinity in his investigation of the 
iron bearing rocks west of Penokce Gap, I have made no microscopic examination of the granite 
here exposcd. 


THE LAURENTIAN SYSTEM. 97 


arranged in bunches. The rock is without sign of gneissoid arrangement of the ingre- 
dients. Specimens taken from half-way down the cliffs (X9, p. gr. 2.76), and from the 
water's edyve (90), show the same characters, but contain a little greenish chlorite. 
Twenty rods above the falls the rock (91) contains an abundance of light-colored shin- 
ing mica, as well asa fine dark-colored ingredient. Forty rods above the falls the 
granite (92) is medium-grained and compact, having a white-and-black-mottled ap- 
pearance. The white ingredient is largely orthoclase, whilst the black is in part horn- 
blende. Pyrite, in minute bunches, is scattered through the rock. One-fourth mile 
above the falls the granite (9:3) is the same as that at the falls, showing, however, some 
tendency to a gneissoid structure. The micaceous ingredient appears to be in part 
chlorite. 

In the N. E. quarter of Sec. 21, and the N. W. quarter of Sec. 22, are ledges of 
granite, and near the common northern corner of these sections the southern beds of 
the Huronian System are exposed. The granite here is brick red, mottled with green- 
ish-black, rather fine-grained, and consists chiefly of red cleavable orthoclase, with 
black hornblende and some quartz. 


East of Bad Rirer. In the western part of Sec. 11, T. 44, R. 2 W., 1000 steps 
south and 125 steps east of the northwest corner of the section, and in the immediate 
vicinity of ledges of the crystalline limestone and white quartz, which form the two 
lowest members of the Huronian, is a low exposure (30, of Atlas late XXIV) of a 
dark gray, fine-grained, compact, gnessoid rock (2072; sp. gr. 2.42), in which are percept- 
ible, macroscopically, fine granular quartz, very fine-faceted glassy wlute feldspar, and 
large flaked, black, shining hornblende, the single blades of which reach sometimes a 
length of an eighth of an inch. The hornblende is especially abundant in certain 
lamine, some of which appear almost wholly composed of it. The thin section of one 
of the lamine rich in hornblende shows to the loupe a white cloudy background thickly 
etrewn with green flakes, many of which are one-twentieth inch in lencth, and little 
white translucent spots (quartz). Under the microscope (X 8&8) the green scales are 
seen to be chiefly hornblende, with very strong dichroism from pale greenish-brown to 
deep bluish-green, and with plain prismatic cleavage. Some of the scales have a feeble 
dichroism, deeper green color in ordinary light, and lack the cleavage. These are 
evidently chlorite, from which to the hornblende there is every degree of alteration. 
Other thinner and smaller scales of chlorite are scattered through the ground-mass, 
which appeurs to be chiefly altered orthoclase. The clear grains of quartz and rare scales 
of muscovite complete the list of constituents. 

Two hundred steps east of the northeast corner of Sec. 4, T. 44, R. 1 W., a number of 
ledges of rock are found crossing the section line. These finally end, at 250 steps east 
of the corner, in an east-facing precipice 50 feet in height. The rock of these ledges is 
apparently quite uniform (2,085, 2,06), and presents a massive appearance, being en- 
tirely without apparent bedding or lamination lines, Macroscopically, the rock is dark 
greenish-gray, and fine-grained, but highly crystalline. Gilistening facets of gray 
feldspar and black hornblende are distinguishable. A brownish-white earthy crust, 
one-sixteenth of an inch deep, covers the exposed surfaces. The thin section shows 
hornblende as the main ingredient, in blades more or less shattered, and often showing 
very plainly the prismatic cleavage. The blades often reach .5 m. m. in width. Much 
altered orthoclase, rare quartz, chlorite altered from the hornblende, and small musco- 
vite blades are the other constituents. 

On and near Potato river, Sec. 19, T. 45, R. 1 E., are quite large exposures of fine- 
grained, greenish and black Laurentian rocks, which, in part at least, are highly schis- 
tose and altered chloritic gneisses, analogous to those on Bad river. On the river, the 
southern edge of the Laurentian exposures is 560 paces north of the southeast corner of 
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Sec. 19, and they continue, with some interruption, to 765 paces; where, ona steep cliff- 
side rising 75 feet from the river, the exact contact with the siliceous schists of the Huro- 
nian is most beautifully shown. The greenish Laurentian rocks are in part massive 
and in part highly schistose, the schistose planes striking N. 60° E., and dipping south 
99°-60°. On all of the Laurentian exposures the rock is exceedingly fine-grained to 
aphanitic, often quite soft, has a greenish cast, and weathers with a light-greenish 
earthy surface. A specimen (2,127; sp. gr., 2.78) taken from near the junction with the 
Huronian slate, is greenish-gray, schistose, quite soft and very fine-grained, but showing 
under the loupe a few scattering crystals of hornblende. Under the microscope, the slice 
shows scattering and much broken crystals of hornblende, which have a length of .2 to 
.4 m. m., show the cleavage very distinctly, and lie in every direction. In and about these, 
magnetite, or other black opaque mineral, is abundant, becoming especially thick in places 
where the hornblende crystal has been almost wholly decomposed. The predominant 
mineral of the rock is chlorite, which, in very fine interlacing scales, forms the greenish 
ground-mass in which the foregoing are imbedded. In this ground-mass, interlocking 
with the chlorite scales, are also many of only partially altcred hornblende. The quartz 
and feldspar are quite subordinate. 

The same rock exactly (2,126), shows where the section line climbs the steep eastern 
bank of the river, at 720 paces north of the southeast corner. At 560 paces north of the 
corner, and 10 west of the section line, a ledge with a width from north to south of 30 
paces, rises precipitously from the east bank of the river. At the northern end of this 
ledge the schistose structure is highly developed, and the rock (2,123) is the same as 
before. Further south on the cliff face, dirty-pinkish amygdules of calcite one-sixth to 
one-eighth of an inch in length, are abundant, and the weathered surface of the rock 
has a curiously pitted appearance, from the removal of the amygdules. At the southern 
end of the exposure the rock is without the schistose character, but is otherwise evidently 
the same. 

Besides the above described exposures, there are other small ones on the south line of 
the section running from 94 to 134 steps west from the southeast corner, and from 65 to 
105 steps west of the river. The rock here (2,122; sp. gr., 2.71) is ill-exposed, and no 
reliable strike lines were obtained. Itis very fine-grained, dark gray, and has aslightly 
shimmering surface, from abundance of fine mica scales. The texture is schistose, and 
the weathered surface dirty greenish-white. U. M.,!it is seento be quite different from 
the more northern exposures on the Potato, just described. The main ingredient is 
quartz, in rounded grains, many of which are .02 to .1 m. m. in diameter, and are por- 
phyritically imbedded in a finer brownish ground-mass, in which the mica is a principal 
constituent. A few crystals of plagioclase are contained. 

Sixty-five steps north of the southeast corner of Sec. 1, T. 45, R. 1 E., is a low ledge 
of chloritic gneiss, striking S. 80° W., and dipping 50° N. 

At the falls of the Gogogashugun river, in the southern part of Sec. 27, T. 46, R. 
2 E., the Laurentian exposures are large and interesting. The Laurentian gneiss shows 
from a short distance north of the center of the south line of the section, to the junction 
with the Huronian at 200 paces north. The following description is from notes taken 
by Professor Chamberlin at this place: ‘‘ The gneissoid rock, where seen near the junc- 
tion with the schist, is for the most part of a greenish cast, but in the vicinity devclopes 
the more usual gneissoid appearance. It closely resembles the uppermost Laurentian at 
Penokee Gap. Quartz, feldspar and a green mineral are the main constituents. Its 
dip, at the junction, is 49°, N. 23° E.; strike, N. 67° W. It is unquestionably Lauren- 
tian, as it was seen in a tual contact with the siliceous schists, which dip from 45° to 79° 
N. W. and strike N. 55° E. A hand specimen showing the two was obtained.” This 
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specimen (2,2)2; sp. gt., 2.75) shows a dark greenish-gray, very fine-grained rock, the 
ingredients being indistinguishable macroscopically, though fine shining facets can be 
distinguished with the loupe. The slice is light gray, thickly streaked with green, the 
schistose structure being highly prominent. U. M., fine grains of quartz and orthoclase 
form the ground-mass. The grains reach sometimes a diameter of .025 m. m., but for 
the most part are not over .009 to .01 m. m. Very fine-scaled chlorite is the chief ad- 
mixture, but here and there may be seen a shattered hornblende blade of some size, 
whilst many smaller hornblende fibres are seen throughout. Muagnetite occurs in nu- 
mucrous small, irregular grains, and the whole rock is very close to that seen at the same 
horizon on the Potato. 
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CHAPTER III. 
THE IURONIAN SYSTEM. 


SURFACE EXTENT AND TOPOGRAPHICAL FEATURES. 


The Huronian rocks lie together in a narrow belt, from half a mile 
to three miles in width, which stretches entirely across the district, from 
the west line of T. 44, R. 5 W. to the Michigan boundary at the Mon- 
treal river, in Secs. 24 and 13, T. 46, It. 2 E. The total length of the 
belt in this distance is about forty-six miles. The wider portions are 
towards the east, the western part narrowing in plaees to as little as a 
mile or even half a mile in width, as in the sections just south of Bladder 
Jake. The total area underlaid by these rocks is just about one hun- 
dred square miles. 

For a more definite idea of the position and extent of the Huronian 
area in the several townships crossed by it, we may begin at the western 
limit of the district, on the west line of T. 44, 2. 5 W. Here, in sec- 
tions 18 and 19, we find the belt trending north of east, with a width 
of about a mile. The same course and width are preserved, with some 
minor bendings, until the Maringouin river ie reached, about half way 
across the township. Now begins a gentle curve, with the convex side 
towards the north, the general course of the formation being thus grad- 
ually brought around to the southeast, in which direction it continues 
to Secs. 20 and 29, T. 44, R. 4 W., where the width is about a mile. 
The course is next northeasterly to the southeast quarter of Sec. 14, T. 
44, R. 4 W., just south of Bladder lake, where the width is contracted 
to as little as half a mile, the southernmost beds of the Huronian lying 
within this distance of large ledges of the coarse gabbro which consti- 
tutes the southern portion of the Keweenawan series. On the east line 
of Sec. 14, an abrupt turn to the southicast is made, and in the north 
part of Sec. 24, still another, the formations now trending some 60° east 
of north. This direction continues, the width at the same time rapidly 
increasing, throngh the western part of T. 44, R. 3 W. South of the 
eastern end of English lake begins a nearly due east course, which 
eontinues for some six miles, or half way across T. 44, R. 2 W., the 
width increasing from two to two and a half miles. In sections 3 and 
10, and parts of the adjoining sections of the latter town, an exceed- 
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ingly abrupt turn to the northeast is made, and from here the course 
is N. 66° E. to near the east line of T. 45, R. 1 W., and thence N. 60° 
E. to the Michigan boundary at the Montreal river, in the eastern part 
of T. 46, R. 2 E., the breadth of the formation in all this portion of its 
course, running from two and a half to three miles. Minor undulations 
occur in this portion of the belt, but no such abrupt turns as observed 
in its western extension. 

The southern boundary of the ILuronian, or its line of junction with 
the Laurentian, is a very sharply defined line, on account of the bold 
topography and frequent rock exposures of the Penokee Range. Even 
in that portion of the Iuronian belt where the Penokee Range disap- 
pears, and the rocks are entirely concealed by drift and swamps, the 
magnetic attraction exerted by the iron-bearing member of the forma- 
tion, one of its lower layers, serves to fix very closely the southern 
boundary. On the accompanying atlas plates, this boundary line is 
laid down so accurately, and the facts npon which it is based are there 
detailed so fully, that no further explanation is needed here. 

In addition to the facts given on the maps and in the details of the 
following pages, it is merely necessary to say here, with regard to the 
northern boundary, that it does not follow the strike of the Iuronian 
beds, but cuts across them in a more or less irregular way. The width 
of the Huronian does not vary on account of the thickening or thinning 
or disappearance of any of its subordinate layers, but the wider por- 
tions include higher layers, which are wanting in the narrower portions. 
The irregularity, then, of the northern boundary is due to a non-con- 
formity of the overlying rocks with the Huronian. It should also be 
said that these overlying rocks, chiefly gabbros, are of an igneous 
origin, and have certainly, in some places, and quite possibly, also, in 
others not yet recognized, penetrated the Huronian, producing peculiar 
irregularities in the line of junction. 

The main topographical features of the Huronian belt have already 
been given in another connection. It is only necessary to notice here 
somewhat more definitely the relation existing between the geological 
structure of the series and the topography of the strip of country under- 
laid by it. The Huronian series includes a succession of beds, always 
markedly schistose and at times highly slaty, which are, for the most 
part, inclined at a hiyh angle to the northward. At the base or south- 
ern side of the belt are narrow layers of crystalline limestone and 
quartzite, succeeded by a broad band of siliceous slate, some 400 feet 
in width, above which there is again a much broader band, generally 
as much as §00 feet wide, of magnetic and specular schists. Above 
these again is a series of alternating layers of mica slates, diorites, 
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quartz slates and quartzites — the latter comparatively inconspicuous — 
which reach a thickness of several thousand feet. A close connection 
may be traced between the nature of these beds and the features of the 
surface. 

The existence of the Penokee Range, which marks the lower side of 
- the Huronian belt for the greater part of its extent, and which has 
already been described in some detail, is determined by the broad bed 
of magnetitic quartzites and siliceous magnetic and specular schists 
above referred to. These, by virtue of the superior hardness and power 
of resisting chemical action conferred on them by their siliceous ingre- 
dient, have remained standing, while the softer beds to the north have 
been worn, for the most part, into deep valleys, in which streams run 
parallel to the trend of the Penokee Range, being impelled to their 
courses by the strike of the underlying rocks. In places, the more 
massive diorites and quartzites of the northern portion of the series 
rise from the valley in abrupt ledges, but they never constitute a con- 
tinuous ridge like the Penokee Range, on account of their smaller 
breadth and inferior resisting power. On the northern side of this 
valley the Huronian beds often extend well up the river on to the 
Copper Range, being protected here by tle massive rocks of the Kewee- 
naw series, which bound them on the north. The south slope of the 
Penokee Range, again, is made up of the siliceous schist which underlies 
the harder rocks that form the body of the range, and, being itself gen- 
erally a quite soft and easily eroded material, the southern slope is 
often precipitous, or at least very bold. This is especially true of the 
middle portions of the range, from a few miles west of Bad river nearly 
to Tyler’s Fork. Further east this layer becomes more quartzitic and 
harder, and forms itself the body of the ridge, the overlying beds at 
the same time losing their comparatively great resisting power by a 
change in composition. In some places in the eastern extension of the 
Iuronian belt, both the siliceous schist and the overlying beds are 
softer than the Laurentian below, and the crest of the ridge is made 
up of rocks of the latter series. 

A variation in the degree of northerly dip of the beds of the Huro- 
nian has also very measurably affected the surface features. From a 
point on the ridge a few miles west of Bad river to the Montreal, the 
angle of dip is always very high, 55° to 75°; while further west it 
lessens to 45°, 35°, 25°, and even to 20° or 15°. In these places, the re- 
sult is a longer front slope to the ridge, and a very steep, frequently 
bold and precipitous southern face, made up usually of heavily bedded 
quartzitic iron ore overlying the siliceous schist, which now loses its 
prominence and forms only the foot of the southern face. The entire 
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absence of the Penokee Range in T. 44, R. 4 W., is perhaps to be at- 
tributed in part to a lessening in dip, though probably chiefly to a 
change in the character of the lower layers of the scrics. 


LITHOLOGY AND STRATIGRAPHY. 


The IHuronian series consists of a succession of more or less highly 
schistose to slaty beds, which reach a total thickness in the widest part 
of nearly 13,000 fect. These layers all stand inclined at a high angle to 
the north, and stretch across the country in outcrops generally parallel 
to the southern limit of the formation, some of the more prominent 
ones preserving their characters across the whole width of the district, 
a distance of about forty-five miles. Inclining, as they always do, to 
the north, these beds are without folds, and the series is only limited in 
that direction by the overlapping of masses of igneous rocks belonging 
to an unconformable system—the Copper-bearing or Keweenawan! 
series —the unconformity being one, however, recognizable only on a 
comprehensive survey of the region, and not by any observed contact 
between the two formations. The absence of any folds in so highly 
altered and inclined strata is easily explained, if we regard them as 
forming part of a great bend underneath the trough of Lake Superior 
and reappearing on the north side of the lake with a reversed inclination. 
These points have been brought out on a previous page, and need only 
to be alluded to here. 

The degree of northward inclination of the Huronian beds is, for 
most of the course of the formation, from 55° to 75°; most usually be- 
tween 65° and 75°. To the west of Sec. 16, T. 44, R. 3 W., however, 
the degree of inclination is nearly always much less, becoming at times 
as low as 20°. The bends in the course of the formation have already 
been noted in a general way. Some of these are exceedingly abrupt, 
as, for instance, on Sec. 10, T. 44, R. 2 W.; at the crossing of the creek 
in sections 8 and 17, T. 44, R. 2 W.; and at several places in the western 
extension of the formation. These bends are well marked out in the 
rock exposures, and are noted in detail on the accompanying maps. 

At the passage of Bad river, the strata are crossed by a fault, trend- 
ing about N. 17° W., the layers on the west side of the fault being 
thrown 800 feet to the northward of those on the east side; or, regard- 
ing the throw asa vertical one, the western side has been elevated or the 
eastern depressed a vertical distance of over 1,700 fect; the apparent lat- 
eral throw, on this supposition, being explained by the inclined position 
of the strata. This fault is marked in the topography by a corresponding 


1See Part I of this volume. 
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set-off in the Penokee Range, which on the west side of the river is well 
to the northward of its position on the east side. It is also well marked 
by large rock exposures on either side, and also by an abrupt break in 
the line of magnetic attraction caused by the magnetic belt of the 
formation. The facts with regard to it are all detailed on Atlas Plate 
XXIII, and also in the descriptions of the following pages. 

The following tabulation indicates the succession of layers of the 
_ Huronian series in the vicinity of Bad river, so far as made out, with 
the average thickness, surface breadth, and other prominent points of 
each layer. Several of the lower layers, including a total thickness of 
some 1,500 feet, have been traced across the entire width of the district. 
The higher layers, on account of their comparative softness and sus- 
ceptibility to chemical changes, have been for the most part deeply 
eroded, and are, moreover, largely buried beneath accumulations of drift 
materials, so that the exposures are comparatively few and distant, and 
the task of making out the succession becomes much more difficult. 
On the general map of the district, Atlas Plate XXII, the upper por- 
tions of the ILuronian are marked by one color, and the statement is 
made in the legend that the layers inaking up this portion of the series 
are not constant in their characters. This statement is broader than 
it was meant to be, and, moreover, this map was drawn before the study 
of the collections and notes made in the field was completed. It is 
entirely true that some of the layers are composed in their western ex- 
tensions of rocks differing considerably from those composing them 
across most of the district; but had the printing of this map been 
delayed a few months, an additional color could have been inserted for 
the great mica-schist member, XAT, lying at the top of the series, 
for the whole distance from the Montreal river to English lake, beyond 
which, to the west, it is cut out by the overlying Keweenawan gabbro. 
The alternating quartz-schists and black slates, XIV to A VIII, have 
also been recognized from Bad river eastward for twenty miles, and 
we cannot doubt that a removal of the overlying drift would disclose 
nearly, if not quite, as constant layers in the upper portion of the series 
as below. 

The numbers of the following synopsis are those used on the plates 
oftheatlas, = 0 eh 


Synopsis of the Stratigraphy of the Huronian of the Penokce Region, 


Wisconsin. 


Average thickness. 
Formation. Feet. 


I. Tremolitic crystalline limestone... .cccccsccccccccccecccsccevcccseccs 90 
II. (A) Arenaceous white quartzite, often brecciated, 35 feet; (B) magnetitic 
quartz-schist 5 feet ...ccseeecccceeee oe ee rer eer 40 
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Synopsis of Stratigraphy of the Huronian of the Penokee Region — (continued). 


Formation. 


ILI. Siliceous slaty achists; including quartzite, ‘‘argillitic ’ mica-schist, and 


novaculite; all having much quartz, and none ever showing any amor- 
phous material ...ccccecesccccvees SR eu ie bee the Sue ney ae een 


IV. Magnetic belt; including: (a) banded magnetic quartzite — gray to red 


relative abundance. Total thickness, about ......ccseccccceccecs sats 

V. Black feldspathic slate; consisting of orthoclase grains imbedded in a 
paste of biotite, pyrite, limonite and carbon.......csscccvecssscesecs 

VI. Unknown, always drift-covered...... os ie ical wids Wedsade weesdwiee ee aeered 
VII. Dark gray to black, aphanitic mica-slate, having a wholly crystalline 
base of quartz and orthoclase, with disseminated biotite scales... ...e 

VIII. Unknown, but probably in large part the same as VII........ Sodite baie 
IX. Chloritic, pyritiferous, massive diorifte .....cecceseee aye Gua acwe esas Seica 
X. Black, aphanitic mica-slate, like VIL ........ceeceee ese eied ae seeie eos 
XI. Covered, but probably mica-slate......... eaediiie Bae oe oe vouee eatenea: 
XIJ. Black mica-slate; aphanitic; at times chiastolitic...... ee eee F 
XIII. Chloritic diorite-schist.. .... die Wie Wire a secs iat serecauteace javiereeas ere 
XIV. Black mica-slate, like XII, often chiastolitic..... ene a ae eerae ieee. b248% 
XV. to XVIII. Alternations of black méca-slates, with quartzites and quartz- 
schists ..seeescoes ee or ee re ee eee aed aural atecs eeiek 

XIX. Greenstone-schist; aphanitic; the hornblende and plagioclase much 
BILERCE ss ckaiweeveesaettes eee ee RE er ee w! ered 

XX. Covered, but probably like XXI..... ee ee ee ere ee ieeeoias 


quartzite, free from or lean in iron oxides, banded with seams, from a 
fraction of an inch to several inches in width, of pure black granular 
magnetite, only rarely mingled with the specular oxide; (6) magnetitic 
quartzite the magnetite in varying proportions, pretty well scattered 
throughout, and mingled with the specular oxide in proportions varying 
from nothing to a predominating quantity; (c) magnetitic quartz-slate, 
the magnetite pervading the whole, and mingled with the specular 
oxide as before; (d) slate like (¢) but largely charged with tremolite 
or actinolite; (e) arenaceous to compact and flaky quartzite, free, or 
nearly so, froin iron oxides; (/) thin-laminated, soft, black magnetitic 
slate; (q) hematitic quartzite, the iron oxide the red variety; (A) gar- 
netiferous actinolite-schist, or eclogite; (i) diorite, which is restricted 
to the western end of the Huronian belt. Kinds, (a) to (d), all carry 
much pyrolusite, or other manganese oxide, These varieties have no 
persistent stratigraphical arrangement, and are named here in order of 


. Mica-schist; from aphamtic to medium-grained; including bands of 


light-gray quartz-schist, the mica becoming subordinate; all varieties 
having a background of quartz; the mica wholly biotite; penetrated by 
veins and masses of very coarse, pink to brick-red biotite granite; total 
_ on Bad river, 4,960 feet. Seen further east, higher layers, 2,500 feet; 


“in all eavecse CORO ROC SH HOH HEEHHHHSHS SHS HEH SOSH RE SH RECT EDR OLD Sreoenvecee 


tale sioureiv ae Soe whee Ode alte SAS NAN ea eaeia dake eae 


Average ee 


eel. 


410 


7, 460 
12, 800 


The most complete section of the Huronian thus far obtained is in 
the vicinity of Bad river, in sections 2, 11 and 14, T. 44, R. 3 W., where 
the exposures are numerous, though even here quite large unfilled 
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blanks remain. All but the highest layers in the series are represented 
in the Bad river section, and the investigations have there been carried 
into greater detail. In the following pages, therefore, the several layers. 
which are taken up in order, beginning with the oldest or southern- 
_ most, are first described as they are seen in the Bad river section, after 
which they are traced as far east and west as possible. West of Bad 
river, the detailed examination of the lower layers of the iron-bearing 
series was undertaken by Mr. C. E. Wright, and the detailed descriptions 
of the various ledges will be found in his report in a subsequent part of 
this volume. This portion of the series having, however, been exam- 
ined by my party in the preliminary reconnoissance of the first year of 
the survey, I have given the prominent facts with regard to each of the 
layers in their western extensions for the purpose of comparison. 

In referring to the detailed descriptions of the following pages, the 
inquirer is requested to have before him the several Atlas Plates ac- 
companying this report. These maps include, besides a general map 
of the district, others, on a large scale, giving the details of the Huron- 
ian series, 


Formation I. Crystalline Limestone. 


This rock, a tremolitic crystalline limestone, forms the lower layer of 
the Huronian wherever it is seen. The exposures are somewhat distant 
from one another, and in places it is undoubtedly absent, the underlying 
formation coming into contact with the higher beds. Nevertheless, the 
limestone appears to be persistent for a large part of the whole length 
of the Huronian belt. The layer is always a thin one, probably never 
exceeding a width of 100 feet or a thickness of 90 feet. 


On Bad river, in the vicinity of Penokee Gap, northwest quarter of 
Sec. 14, T. 44, R. 3 W., the limestone forms the southern wall of a 
narrow gorge through which the river flows in an easterly direction. 
More exactly, this exposure is at about 550 paces! south and about 800 
east of the northwest corner of Sec. 14, or midway between stations 
122 and 123 of Atlas Plate XXIII, and only 18 paces north of the 
Laurentian gneiss exposed in the railway cutting described on a pre- 
vious page. The limestone shows along the river for a distance of 
about 75 feet, and has a width across the strike, which is about 5° north 
of east, of some 36 feet. Since the opposite wall of the gorge is formed 
of a hard quartzite, it appears probable that the whole width of the 
river should be added to the above figure. Adding also half the dis- 
tance to the nearest gneiss exposure, we have a probable total horizontal 


12,000 paces to the mile. 


HURONIAN ROCKS. 


Tee Mrewsrsarce Lrrno &Exocr Co 


Fig.l. Crystatiine Limestone (142), Forrnation /; Penokee Gap. * 180. 
Fig.2..Magnetittc Sehist 1455), Formation 1! B; Penokee Cap. « 30. 


Digitized by Google 


THE HURONIAN SYSTEM. 107 


width of about 75 fect, which corresponds, with a dip of 65°, to a thick- 
ness of about 68 feet. 

As exposed at this place, the limestone (1421; sp. gr., 2.82) is light 
bluish-gray, and finely crystalline to aphanitic, showing numerous exceed- 
ingly minute glistening particles of pyrite, which are, in places, repre- 
sented by ochreous spots. The weathered surface is a dirty brownish- 
white, with a raspy feel, and is traversed by numerous minute furrows, 
due to the dissolving out of seams of calcite. A partial analysis of this 
rock by Mr. E. T. Sweet shows: calcium carbonate, 50.52; magnesium 
carbonate, 33,41; iron, 1.19; insoluble, 13.85; undetermined, 1.03= 
100. Of the undetermined portion, at least half is probably sulphur 
belonging to the pyrite present. In Mr. Julien’s report, Appendix B, 
is given an account of the microscopic characters of this rock, and 
no further description is needed here. It should be said, however, that 
Mr. Sweet’s analysis, the results of which have since been confirmed by 
a further test, prove that either many of the grains are those of dolo- 
mite, or that the calcite is a highly magnesian variety. In Fig. 1, 
Plate XIII A., I have given a sketch of a section of this rock as it ap- 
peared under a power of 180 diameters. The drawing serves to show 
the main features of the rock, viz.: the much rounded and irregularly 
shaped calcite; the isolated blades and feathery tufts of tremolite; and 
the particles of pyrite surrounded by ochreous matter resulting from 
their decomposition. 


East of Bad river. The limestone is generally concealed, eastward 
of Bad river, beneath the detritus at the foot of the southern slope of 
the Penokee Range, and the nature of the rock is such that it would 
naturally only be exposed where eroded into a cliff side. The approxi- 
mate position of the eastern extension of this rock is indicated suffi- 
ciently on Plates XXIV to XXVI of the Atlas. 

On the southwest quarter of the northwest quarter of Sec. 11, T. 44, 
R. 2 W., the limestone is seen in one or two quite small exposures 
(No. 29 of Plate XXIV), in the immediate vicinity of ledges of Lan- 
rentian gneiss, and of beds II and III of the Huronian. As seen here 
(2,077) it is white to straw-colored, somewhat arenaceous and highly 
schistose. 

On the northeast quarter of Sec. 33, T. 45, R. 1 W., a low cliff, six 
feet in height, of the limestone, faces westward -towards the valley of 
Tyler’s Fork. At this place (2,087), it is quite impure, very dark gray 
in color, aphanitic, and studded thickly with very minute but macro- 
scopically distinct and quite perfect octahedral crystals of magnetite. 

At some point along the course of the Huronian belt between Tyler’s 
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Fork, Sec. 33, T. 45, R. 1 W., and Potato river, in See. 19, T. 45, R. 1 
E., the limestone and overlying quartzite run out; for at the passage of 
the latter stream, the exact contact between the Laurentian and III of 
the IIuronian is seen. East of the Potato, however, they come in 
‘again, the limestone being seen as a dark colored impure rock in con- 
tact with a light gray, medium-grained granite of the Laurentian, in the 
north part of Sec. 15, T. 45, R. 1 E. 


West of Bad river. Here the exposures of I are not very numer- 
ous, but are distributed so generally along the course of the Huronian 
belt as to indicate the nearly complete continuity of the layer. 

There is quite a large ledge, some fifty paces in diameter, in the low 
ground at the foot of the south slope of the Penokee Range in the 
northern part of Sec. 24, T. 44, R. 4 W., where the rock is quite simi- 
lar to that seen at Penokee Gap. 

Through the rest of T. 44, R. 4 W., the whole Huronian series is con- 
cealed, and in the vicinity of the Maringouin river, sections 23 and 16, 
T. 44, R. 5 W., the Laurentian granite and IIL of the Huronian occur 
in such relative positions as to indicate the absence of the limestone. 
Just beyond, however, on the south line of sections 15 and 16, T. 44, 
R. 5 W., ave several ledges of dolomitice limestone, those on Sec. 14 
occurring at the base of the steep southern face of a bold ridge, 250 to 
300 feet in height. 

Further west no indications of the existence of this layer have been 


obtained. 


Formation II. Arenaceous Quartzite. 


This layer is also a thin one, never exceeding 50 feet in thickness, 
and has been traced from a mile or two west of Bad river to a point 
some six miles east. It is altogether probable that it extends further 
in both directions, but in T. 44, R. 5 W., where I is present, it is 
directly overlaid by III. It is quite possible, however, that the 
limestone in the western extension of the IHuronian belt represents 
both I and II of the Bad river section. 


On Bad river. At Penokee Gap, southeast quarter of the northwest 
quarter of Sec. 14, T. 44, R. 3 W., II forms the north wall of the 
gorge, of which I forms the south wall, as already described. The 
exposure has a width of 42 feet, and length along the strike of about 75 
fect, and forms the northern abutment of the bridge by which the 
railroad crosses the river. A few steps west and north of this ledge, 
however, at the base of a Ixll composed of III, the uppermost part 
of II is in sight in contact with the next formation. From these 
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data the entire’ width of II is placed at 50 feet, corresponding to a 
thickness of about 45 feet. As seen on the river side and for the 
greater part of its thickness, II is a pure white, non-schistose, fine- 
grained, highly granular to arenaceous quartzite (1422). Over much 
of the exposure, dark gray blotches reaching two inches across, and 
bounded by straight lines, give a peculiar brecciated appearance. On 
close inspection, these are seen to consist, like the rest of the rock, 
chiefly of fine granular quartz, but now mingled with a small quantity 
of very fine magnetite. 

The uppermost portion of II, as seen in contact with III, a short 
distance west of the railroad track, and just on the north edge of the 
wagon road (Atlas Plate XXIII), has a marked character of its own, 
which is also recognizable for as much as a mile along the strike, 
and is therefore marked on Plate XXIII as a separate layer, IL B. 
This rock (1,424; sp. gr., 2.96) has a dark color, mottled with oval- 
shaped, white blotches up to one-fourth and even one-half inch in length. 
Dark-colored, highly glassy, amygdaloid-like spots, one-tenth to one- 
twentieth inch in diameter, are also plentiful. The high specific grav- 
ity and dark color are explained by the very Jarge amount of magnetite 
that adheres to the magnet when the rock is quite coarsely powdered. 
Under the microscope, the magnetite is seen to be the chief ingredient 
of the matrix, in which it lies in sharply and linearly bounded sections, 
which are often perfectly square. With it is fine granular quartz, and 
minute, greenish, feebly-dichroitie scales. The larger oval patches are 
chiefly aggregations of fine quartz grains, whilst the glassy quartz patches 
referred to are seen to be single individuals, most of which polarize 
brilliantly, and all of which are crowded with liquid inclusions. From 
the relations in which this quartz stands to the other ingredients of 
the rock, it is evidently much the most recent constituent. 

Both II A and II B are well exposed at several other points in the 
immediate vicinity of Penokee Gap, of which the following are the 
most important: (1) About 100 steps west of the ledges at the railroad, 
just described, and between stations 114 and 115 of Atlas Plate XXIII, 
a mass of II A projects into Bad river, immediately at the corner of a 
sharp bend, the rock here (1423) having the same characters as before 
described. (2) At the foot of a cliff of III, forming the north side 
of a ravine, a short distance west of station 95, Plate XXIII, both II A 
and II B are in sight. At the foot of the cliff, 13 feet of II A are 
seen, with the characters already described. Next above it are 16 
fect of II B, the lower 9 feet of which is dark greenish-gray (1,455) to 
nearly black, having a high specific gravity from the large content of 
magnetic iron, which ingredient is plainly visible macroscopically in 
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minute Iustrous octahedral crystals. Under the microscope, this rock 
is seen to be the same as that near the gorge of Bad river (1424) except 
that it isvery much richer in magnetite, the crystals of which are, 
moreover, much more perfectly shaped in this rock. The same oval 
aggregations of quartz grains, single quartz patches, and greenish 
dichroitic scales, are visible. Fig. 2 of Plate XIII A of this volume, 
shows the appearance of a thin section of this rock magnified 30 
diameters. The dusty clouding of the quartz is resolved with a power 
of 200 to 500 diameters into distinct cavities, many of which hold a 
bubble. The remaining 7 feet of I] A grades into a grayish quartzite, 
and this into the thin laminated slaty schist III. 


East of Bad river. East of Penokee Gap, II is seen at several 
points on the south foot of the ridge, but the best exposures are at 
Mt. Whittlesey, in the extreme northeast corner of Sec. 17, and north- 
west corner of Sec. 16, T. 44, R.2 W. Mt. Whittlesey is a spur of 
slate (III) on the south side of the Penokee Range, at the point where 
the latter is crossed by the valley of a small creck. 

The exposures are large, both towards the south and towards the west, 
on the side of the valley just named, II showing in a continuous 
vertical wall for several hundred feet. The whole face of the exposure 
presents a dirty white to brown (iron-stained) color, mottled with sharply 
angular dark gray to black spots, a strikingly brecciated appearance being 
thus produced. Dashesand lines of the darker color also occur, conform- 
ing with the general bedding of the overlying slate. On closer inspec- 
tion the rock here (2,056, 2,057) is seen to be a very fine-grained, highly 
arenaceous quartzite or sandstone, often so friable as to crumble readily 
between the fingers. The darker colored patches are made up chiefly 
of the same material as the rest of the rock, but include also a con- 
siderable quantity of very fine magnetite. 

Exactly the same rock (2,073) shows again in a small ledge, near 
others of I and III, and of Laurentian gneiss, on the southwest quarter 
of the northwest quarter of Sec. 11, T. 44, R.2 W. (No. 28, Atlas Plate 
XXIV). 


West of Bad river, IL has been recognized at several points for 
some two miles along the Penokee Range, but not further west. The 
underlying limestone is, however, found in many places as far as the 
west line of the district, and, being of greater thickness than on Bad 
river, may include here both I and II. On Sec. 16, T. 44, R. 5 W., 
I appears to be directly overlaid by III. 
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Formation III. Siliceous Slate or Schist. 


This layer is one of the best marked and most persistent of the whole 
Huronian series, having been traced the entire length of the IHuronian 
belt. At the western end of the Penokee Range it is found forming the 
base of the southern slope. J’rom here eastward it rises higher and higher 
on this slope, forming frequent bold and even precipitous exposures. At 
Bad river it reaches nearly, and at Mt. Whittlesey, Sec. 16, T. 44, R. 2 W., 
quite, to the top of the ridge. Further east it forms more and more the 
bulk of the range, reaching at many places east of Tyler’s Fork well down 
the northern slope, the summit here lying within the Laurentian area. 
Even the isolated ridges of T. 44, R.5 W., beyond the western end of the 
Penokee Range, form no exception to this rule, the siliceous schist lying 
in the low ground to thesouthward. The cause of this peculiar change 
is probably to be found in the fact that the overlying magnetic belt be- 
comes less quartzitic and durable towards the east, the slatv layers of 
III at the same time undergoing a directly opposite change. The 
most frequent exposures are, however, in the western portions of the 
belt, where the rock is less quartzose and resistant, a fact explained by 
the durability of the overlying magnetic belt. 

The rocks of III are somewhat various in composition and phys- 
ical properties, and yet all show the characteristic highly slaty or 
schistose structure and common light color as compared with all other 
known members of the series. The most important varieties, as marked 
by their macroscopic characters, are (1) a thinly schistose to highly 
slaty, light gray to leaden gray, greasy-surfaced, and easily scratched 
kind; the surface often showing the sheen of mica, though generally 
aphanitic, and weathering to a light straw-color; (2) a kind shading 
into the last, but often distinctly marked from it by a lighter or darker 
greenish tint, greasier surface and greater softness; (3) a much harder, 
light gray, less thinly laminated, and more distinctly quartzose kind, 
grading in one direction into a light gray vitreous quartzite, and in an- 
other into the rock known as novaculite; (4) a red, shaly to slaty, and 
more distinctly argillaceous kind. Between these types there are all 
sorts of gradations, and different kinds are frequently inter-laminated. 
Microscopic examinations show quartz to be a constant constituent of 
all varieties, though in some of the more highly slaty and softer kinds 
evidently preponderated over by the other ingredients. In no section 
examined has any amorphous clay-like base been noticed. Mingled 
with the quartz in the softer kinds is more or less feldspathic material, 
and brownish mica (biotite). Many of these softer kinds would have 
been taken, not long since, for talcose and chloritic, but the absence of 
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talc and chlorite in many cases is proved not only by the microscope 
but by analysis. The following, by Prof. W. W. Daniells, shows the 
composition of a leaden-gray to light greenish-gray, soft kind, from 
the railway cutting at Penokee Gap: 


Silica... ..e. ee awn ee head Mitataty eciesees Seeeiaeaes bhcpaacat 71.97 
Alumina........ ha biaws eau ate ere ee eer ee rere eer ee soos 19.21 
Tron sesquioxide ..cccccecccccccccecs rrr ee sesacee eosese 4.60 
POSH 4axsasess Sdasioe eee ee ere rer eee ree 0.72 
Magnesia ..cscoe seccee es shee k Wen ry ee ree seers 0.97 
Lime...ssecces Eee Terre eee re ee re tT pias side eedeaieceree svanere 0.38 
Woater.isicescccs Re ee ar ery err eee re - 0.76 

TOtaliwiend sieessegecusexe ds eg wnmueeah eG ahs aidicamiee ecureme wane ee 98.66 


Tale has not been observed in any of the thin sections examined. A 
chloritic ingredient occurs sparingly in some of the greenish kinds, 
though others more deeply tinted and not examined microscopically, may 
contain a largeramount. In most varieties all traces of a clastic condition 
lave disappeared, but in a number of cases rounded grains of quartz 
are studded thickly over the thin section. Magnetite occurs in some 
sections in quite perfect octahedral crystals, but as a whole this layer 
is remarkable for the absence of magnetite, when compared with the 
other members of the series. From the overlying magnetitic schists it 
is generally sharply defined, a gradation having beon observed at one 
place only. 

From the facts thus given it will be seen that all the varieties of rocks 
of this member fall under the two classes of mica-schist, and quartzite. 
The former are of the kind called by Mr. Hawes," in the New Hamp- 
shire reports, “argillitie mica-schist,” to which they are allied in the 
absence of amorphous base, the abundance of quartz and fine mica, the 
presence of a feldspathic constituent, and of chlorite as an accessory, as 
well as in macroscopic characters. In view, however, of the numerous 
gradation varieties that exist, and of the very evident inclusion of all 
the varieties in one well-marked formation, it has seerned best to retain 
the more general term of siliceous schist, which was used in the early 
reports of the survey. 

The horizontal width of this layer at the passage of Bad river, Sec. 
14, T. 44, R. 3 W., is 450 feet, which indicates a thickness of about 410 
feet. The corresponding figures for other prominent points at which 
the whole width is in sight, are as follows: at Mt. Whittlesey, 450 and 
400 feet; at the passage of the Potato river, Sec. 19, T. 45, R. 1 E., 475 
and 425 feet; at the passage of the Gogogashugun, Sec. 27, T. 46, R. 2 E.,, 


1See Geology of New Hampshire, Part IV, p. 218. 
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317 and 290 fect; in the north part of Sec. 24, T. 44, R. 4 W., 600 
and 400 feet; and near the Maringouin river, See. 23, T. 44, R. 5 W., 
300 and 290 feet. 


On Bad river. At Penokee Gap, the whole width of III is in 
sight on the west side of the fault, smaller exposures occurring on the 
east side. Immediately north of the magnetitic quartzite 11 B, de- 
scribed on a previous page as showing just west of the railway track, 
at station 123, Atlas Plate AAIII, rises a bold knob, 140 feet high, 
which includes the whole width of the siliceous schist, the contacts with 
the overlying and underlying beds being in sight on the northern and 
southern slopes of the hill, respectively. Through the eastern point of 
this knob passes a railroad cutting, and the rock is more or less com- 
pletely exposed all over the hill. Immediately in contact with II B it 
ia thinly laminated, with wavy and contorted layers, weathering to a 
straw color. ‘The saine layers are opened upon in the railway cutting, 
where the unweathered rock is seen to be light to dark grey in color, 
the darker colured, frequently greenish kind, alternating in very thin 
seams with the lighter colored and more distinctly quartzose kind. In 
some places a distinct greenish tint is visible, and nearly all parts show 
something of a sheen from the mica present. Magnetic iron is visible 
with the magnifier on the edges of some lamina, and in the thin see- 
tion is seen to be in perfect octaliedra, sparsely scattered. All the rock 
in this cutting may be classed readily enough with the argillitic mica- 
schists, the variations being due to relative amounts of quartz and mica, 
and the presence or absence of chlorite (1425, 1426, 1427 and 31). The 
lamination throughout is very distinct, the layers running from a few 
lines to three or four inches in thickness. The dip is 65° to 66°. An 
analysis of the rock froin this cutting (31) is given on the foregoing page. 
The rest of the hill shows essentially the same rock, except that near the 
junction with the overlying quartzite a distinct gradation into the latter 
is observable. 

Another large area of slate is shown on Atlas Plate XXITI, occupy- 
ing the square between stations 86, 87,95 and 96. Here is again a 
hill with steep faces toward the south and east. The cliff facing 
towards the south shows I] and ILA at base. The rock here (1457) 
dipping 54° north, is a dark grey, hard, sharp-edged, and quite quartz- 
ose kind, in layers one to one and a half inches in thickness. The 
sheen of finely scaled mica is evident on the schist planes. The rest 
of the rock (1448, 35 paces north of station 86; 1449 near station 87; 
1450, 25 paces east of 87) is of the prevailing thin-laminated, straw 
colored to grey, greasy-surfaced, argillitic mica-schist type. The dip 
varies from 54° to 65°. 

Vou. HL—8 
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On the east side of the river and fault line at Penokee Gap, the 
upper layers of III are exposed in the ravine between stations 302 
and 301, Plate XXIII, having been thrown 900 fect south from the 
position of the same layers on the west side of the fault, near station 
145. The decided north-of-west tendency seen in the strike on the 
east side of the fault, and the south-of-west tendency on the west side, 
are worthy of notice. 


East of Bad river. Mt. Whittlesey, at the corner of sections 8, 9, 
16, 17, T. 44, R. 2 W., is almost wholly made up of ITI, and the 
exposures are large. The slate inclines due northward, at an angle of 
from 56° to 65°, is mostly very thin-laminated and much contorted, 
assuming, on the jagged precipice facing south, many imitative forms. 
Most of the rock (2053) is straw-colored to grey, and is like the typ- 
ical argillitie mica-schist of the Penokee section (1425). Some of 
the thicker layers approach novaculite, and in the upper portions 
north of the knob known as Mt. Whittlesey, more distinctly quartz- 
ose kinds come in (2058, 2059, from exposure No. 49, Atlas Plate 
XXIV). These are light grey, and schistose, but very hard, and 
under the microscope are scen to be composed of quartz grains 0.2 
mm. in diameter, and imbedded in a fine brownish-tinted matrix, 
which is an aggregate of quartz grains. Scales of biotite 0.02 mm. 
in length are plentifully scattered through the matrix, whose brown 
color is dne to their presence. The quartz grains are full of line- 
arly arranged liquid-filled cavities. Immediately south of the sec- 
tion corner a large northward-dipping surface shows a dark-colored 
kind carrying a good deal of magnetite. The interesting relation of 
the east-and-west-striking slates of Mt. Whittlesey, to the northeast- 
striking magnetitic schists, shown in the creek just west, is made sufli- 
ciently plain on Atlas Plate XXIV. The bend indicated is a sharp 
one; it is not impossible that a fault may exist here, though the 
facts do not demand it. There is evidently a connection, however, be- 
tween the position of the gorge which here passes the Penokee Range 
and the sudden bend in the strata, just as there is such a connection 
between the fault at Penokee Gap, and the gorge at that place. 

Passing over a number of intervening ledges we note next the large 
exposures at the passage of Carrie’s creek, northeast quarter of Sec. 11, 
T. 44, R.2 W. The exposures are on both sides of the creek, those on 
the west being the most extensive. Ilere is a cliff facing east towards 
the creek, and another facing southward, about 400 paces south of the 
quarter-post on the north line of the section. The usual thin-laminated, 
contorted, straw to grey-colored rock, is everywhere seen. The facts 
with regard to strike and dip are sufficiently well given on the map. 
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Very large exposures of III are found again on the side of the 
Penokee Range in the northeast quarter of the southeast quarter of 
Sec. 1, T. 44, R.2 W., and extending beyond the town line into See. 
6, T. 44, R. 1 W., for several hundred feet. The slate rises here to the 
very summit of the ridge, and shows prevailing the thin-laminated 
contorted kind, asat Mt. Whittlesey. At the top of the cliff, however, 
in Sec. 6, T. 44, R. 1 W., about 200 paces south, and 200 east of the west 
quarter-post, are seen a number of layers of a pink to brick-red clay 
slate, which has not been noticed farther west, but is to be seen at a 
number of points in the eastern extension of the belt. This rock 
(2083, 2084) is obtainable in large flat slabs, and is the most completely 
slaty of any noticed in this formation. Closely examined it is seen to 
be distinctly quartzose, though readily cut by the knife, and studded 
with minute shining points, which under the loupe resolve themselves 
into very perfect octahedrous of magnetite. Under the microscope 
these are seen to be imbedded in a cloudy, white, difficultly resolvable 
ground-mass, which is wholly crystalline, and appears to consist chiefly 
of quartz and feldspar. 

At the passage of Tyler’s Fork, southeast quarter of the northeast 
quarter of Sec. 33, T. 45, R. 1 W., are again large exposures of III, 
which here is considerably changed in character as compared with 
the more western exposures, being, as a whole, much more dis- 
tinctly quartzitic, besides including a considerable portion of vitreous 
quartzite, or quartz-schist. Plate XIV of this volume serves to show 
the positions and extent of the exposures at this place. The total 
width is about 330 feet, which corresponds to a thickness of some 300 
feet, the whole thickness not being exposed. The southernmost ledge 
in sight puts into the river at a point 150 paces north of the quarter-post 
on the east line of Sec. 33. Tlere the following section was measured, 
beginning on the south: 


(1) Four feet of dark grey, aphanitic, argillitic mica-schist (2091); much more quartzose 
than at Penokee (1425); in very thin, regular layers measuring four-tenths to two 
inches; dipping northward 60°. 

(2) One foot of same, layers thinner. 

(3) One foot of light grey, aphanitic, quite hard and sharp-edged, micacecous quartz- 
schist (2092), in layers measuring three-tenths to five-tenths inch. 

(4) One foot reddish, aphanitic, fine-grained rock (2093), exactly similar to that on 
Sec. 6, T. 44, R. 1 W. (2083, 2084), the surface thickly studded with very mi- 
nute glistening magnetite octahedra; inter-stratified with a few light grey layers 
like the rest of the rock, and showing a very distinct cross-lamination, like that 
of an ordinary unaltered sandstone. 


Just above on the west side of the river, the thin-laminated light- 
grey slate includes much hard, conchoidal-fracturing novaculite (2090). 
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Twenty-five to fifty steps further north, broad bands, one to six feet in 
width, of a hard, brown-stained, vitreous quartzite begin to appear. 
Further north all of the slate, though still distinctly laminated, be- 
comes more quartzose, and the quartzite bands increase in number and 
width. One of these, forming a knob at 250 paces north and 45 east of 
the quarter-post, is 15 feet ia width, and bounded above and below by 
thin-laminated light grey quartzitic slate. The river here runs for sev- 
eral hundred fect through a narrow gorge in this slate, following the 
strike in a S. 66° W. direction. On each side of the gorge the slate 
exposures rise 30 to 40 feet from the water’s edge, showing a very dis- 
tinct lamination, but approaching to true quartzite in character (2095). 
Following this gorge toits end, at 160 paces north and 128 west of the 
quarter-post, we find the river turning at right angles directly across the 
strike. Following this new direction we come upon higher beds in the 
series, and find that the rock has completely changed to a light green- 
ish-grey, very close-textured, nearly vitreous and much jointed quartzite 
(2109, 2110, 2094), in very distinct layers one-half inch to ten inches in 
width, dipping 72° to 75° to the northward, and weathering with a 
brownish surface. The saine character continues to the upper edge of 
the formation. The falls of the river shown on Plate XIV are over 
this quartzitie rock. Just north of the first fall at this place, the junc- 
tion of III and IV is very handsomely shown, the vitreous quart- 
zite (2111, 2112) continuing unaltered to the very junction. 

On the Potato river,in the northeast quarter of the southeast quarter of 
Sec. 19, T. 45, R.1 E., the exposures of III are again very large and 
interesting. Following the river down from the southeast corner of 
Sec. 19, we find numerous exposures of the Laurentian chloritie gneiss 
extending toa point about 225 paces south of the east quarter-post of 
the section, the river in this distance flowing nearly along the section 


line. At this point the gneiss terminates abruptly against III of the ‘ 


Huronian. The junction between the two formations is beautifully. 
shown on a cliff rising some 75 feet from the river. From here the} 
river runs northwestward nearly acro3s the strike of the slate, which 
continues to show for its whole width in a cliff a short distance back 
from the water’s edge. All of the phases already described as belong- 
ing to III are here displayed, much of the rock showing a very 
slaty character, large flat slabs detaching readily from the cliff side. 
On the north the formation is also abruptly terminated by IV, 
the junction being plainly in sight. The whole width exposed is son 
475 feet, making a thickness of about 425 feet. The dip is 68° 
the north, the strike N. 70° E. 

On the Gogogashugun river, Sec. 27, T. 46, R. 2 E., the whole width 
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of III is again in sight, the contact with the Laurentian and over- yen . os 
lying No. IV, both being visible. Professors T. C. Chamberlin and ‘**' an a 
A. D. Conover made a Jeune examination of this place in 1877. es eh, se 
From the notes of the former I take the following with regard to they xc.e ie 


formation at present under discussion: © The ‘siliceous ‘achists are - Acre 7 
highly laminated in some portions, while in others beds from 3 to 12. alow 0 4 ra 
inches in thickness are observable. In cvlor they range from grey to /serc— Cees 
purple. The latter are usually clay-like in texture, and in some cases 44.,¢..9 
apparent pipestone. The layers of this class are interleaved with the 

more quartzose kinds. Mica-like scales are common in some pcttions, 

also iron pyrites, often in perfect cubes of sinall size. The schists are 
fine-grained, close and compact, rarely showing any distinct granular 

texture. The dip ranges from 45° to 73°, strike N. 55° E. Some of 

the layers are somewhat undulating, and some thicken and thin per- 
ceptibly. At some points, especially toward the upper portions, the 

layers become somewhat ferruginous. When fully exposed they seem 

to resist the action of the elements well, but under moss and shallow 

earth are more decomposed, though not markedly so. The resistance 

of the schists causes the cascade. The stream, in passing the barrier, 

follows the strike for several rods in a narrow trough, when it divides. 

One branch, turning abruptly across the beds a few feet and then re- 

turning along the strike a short distance, again turns across the beds 

and follows a narrow channel entirely across the schist. The main 

branch keeps on along the strike for a short distance beyond the point 

of division, and then turns at right angles, and plunges down a narrow 

channel across the beds until it is joined by the smaller branch some 
distance below. The whole width of the siliceous schist is 317 feet.” 

From the foregoing description it isevident that the formation here 

shows its usual characters, and this conclusion is borne out by a close 
examination of the specimens collected (2211). 


West of Bad river. West of Penokce Gap, exposures of the slate 
are almost constantly in sight, the characters being in general the same 
as already described. Specimens collected indicate that chlorite is some- 
what more frequently present, but that the rock is, in generai, essen- 
tially the same as in the more eastern portions. The following are the 
localities of some of the most prominent exposures: northwest quarter 
of the northwest quarter of Sec. 15, T. 44, R. 3 W., six rods south of the 
section corner, a very heavy exposure; northeast quarter of the north- 
east quarter of Sec. 17, T. 44, R. 3 W.,a large ledge some 100 paces long 
and 20 to 30 in width, overlaid by a large mass of quartzite, the whole 
dipping northward at a considerably lower angle than nsual; south line 
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of Sec. 18, T. 44, R. 3 W., about 700 paces west of the southeast cor- 
ner, near the foot of the south face of the Penokee Range; Sec. 19, T. 
44, R. 3 W., near the west line of the northwest quarter of the section; 
northwest quarter of Sec. 24, T. 44, R. 4 W.; northeast quarter of 
Sec. 23, T. 44, R. 5 W., at the foot of a high bluff; and in a similar 
position on the south line of Sec. 16, T. 44, R. 5 W. Details with re- 
gard to these ledges and others will be found in Mr. Wright’s report. 


Formation IV. The Magnetic Belt. 


This belt of rocks constitutes the most marked and continuous of 
the whole Huronian series, having been traced from the Michigan 
boundary westward to its final disappearance near Lake Numakagon, 
in T. 44, R. 6 W., a distance of about fifty miles. The constant expos- 
ures along much of the belt, with the magnetic observations made, have 
rendered this tracing possible. Quite a variety of rocks are here classed 
together, because the subordinate layers recognized at one place are not 
found in another. The way in which these layers give place to one 
another, the common quartzose character of the whole, and the general 
impregnation with the magnetic and specular oxides of iron, which at 
times pervade the whole thickness, though at others restricted to a nar- 
row part, show that all should be regarded as parts of one great division 
of the series. The propricty of this is further indicated by the sharp 
definition of the whole belt on the south, and, less evidently however, 
on the north also. 

The following is a brief summary of the different kinds of rocks ob- 
served in this formation, the order being that of relative abundance: 
(a) banded magnetitic quartzite— gray to red quartzite free from or Jean 
in iron oxides, banded with seams from a fraction of an inch to several 
inches in width of pure, black, granular magnetite, which is only rarely 
mingled with the specular oxide; (6) magnetitic quartzite — the mag- 
netite in varying proportions, pretty well scattered throughout, and 
mingled with specular oxide in proportions varying from nothing to a 
predominating quantity; (c) magnetitie quartz-slate — in layers two to 
four inches thick, with inferior lamination well marked, though with- 
out corresponding cleavage — highly jointed, the fragments sharp-edged 
and hard, the magnetite pervading the whole mass and associated with 
a varying quantity of specular oxide, as before; (a) slate, like (c), but 
largely charged with actinolite or tremolite, (¢) arenaccous to compact 
and flaky quartzite, free, or nearly so, from the oxides of iron; (f/) thin- 
laminated, soft, black magnetitie slate; (g) hematitie quartzite, the 
iron oxide the red oxide; (1) garnetiferous actinolite-schist, or eclogite- 
schist, often almost entirely free from magnetite; and (2) dzorite, this 
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being restricted to the western end of the Huronian belt in T. 44, R.5 
W., and R. 6 W., where, however, it occurs in heavy bands. 

The iron oxides impregnate sume of these bands at times in such 
quantity that they become iron ores, The economic value of these 
schists as ores is treated of on a subsequent page. 

The whole width of IV is not far from 850 feet, where affected 
by the prevailing high northern dip, corresponding to a thickness of 
‘ 750 to 800 feet. In the western portion of the belt, where the dip is 
generally less, this width, of course, increases; and in sections 16 and 14, 
T. 44, R. 5 W., intercalated bands of diorite appear to increase consid- 
erably the actual thickness. 


On Bad river, at Penokee Gap, and in the immediate vicinity, nearly 
the whole thickness of IV is in sight; bold cliffs of magnetic schist 
rising from either side of the gap through which the river passes (Atlas 
Plate XXIII). The following subdivisions of this formation are plainly 
visible here, beginning with the lowest or southernmost: 


Feet. Feet. 
IV A. Quartzite, width. ...... cece ec er cc cccc cree eeccccecencescveress Scam 50 
IV B. Magnetite-schists, including — 
(1)! Banded magnetitic quartzite......scecceeccccsccccccccosece 20 
(2) Slaty quartzose and actinolitic or tremolitic magnetite-schists... 200 
(3) Banded magnetic quartzite......c.scececcee sereccrencccess 530 
Total width of IVB........ sdaieuce cients brsee voltae we autores — 2&0 
IVC. Garnetiferous actinolite-schist or eclogite-schist....+.ss+ss+eee. seuetene's 10 
FOtal iiicuud <eevewebeas Awcteesae ea weees Ses, Sut eos veseess 860 


These divisions are taken up in order in what follows, the exposures 
of each division as they are seen on the west side of the fault line being 
first noted, and afterwards those on the east side. Fora full under- 
standing of these details, reference must be constantly madc to the large 
map of the vicinity of Penokee Gap, Atlas Plate XXITI. 

The quartzite IV A shows on the west bank of Bad river, a short dis- 
tance south of station 145, where it is seen in contact with (1) of IV B. 
It is seen again on the north slope of the hill of III, previously 
described, 40 paces south and 50 east of station 142. The rock here 
(1,500) is fine-grained, highly arenaceous, yellowish to gray, entirely 
without magnetic or specular iron, and traversed by numerous white 
quartz veins. Nearly the whole width is in sight. Another exposure 
is Just south of station 97, at the foot of a steep cliff of magnetite- 
schist; 29 feet of the upper part is in sight, and the rock (1,458) closely 


' The separations between these divisions of 1V B are indicated on the map by white 
lines in the brown. 
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similar to that already described. Further west, along the same ravine 
side and near station 88, it is seen again, presenting now a somewhat 
different appearance (1,451), since the arenaceous texture is lost, and 
minute, lustrous octahedra of magnetite occur sparsely scattered. East 
ef the fault-line IV A, having been carried S00 feet southward, appears 
in several places at the foot of the cliffs on the north side of the ravine 
near station 301, with the same characters as before (1,403). 

The lower banded magnetitie quartzite, IV B(1) is in sight on 
the bank of Bad river, near station 145, in nearly its full width of 20 
feet. The rock here is a dark gray quartzite, with some ferruginous 
matter throughout, and banded with seams and gashes of lustrous, 
black, highly granular, pure magnetite, which run from one to four 
inches in width, and conform with the bedding. A sample from one 
of these seams, collected in 1873, yielded 68.04 per cent. of metallic 
iron. On the weathered surface near the water’s edge, the contrast 
between the white-weathered quartzite and the jet-black magnetite is 
striking. The cliffs already described as showing IV A, near stations 
88 and 97, show also, immediately overlying it, the layer at present 
under discussion. 

The slaty magnetite-schists, IV B (2), are best seen on the cliff- 
side just north of station 102, where some 90 to 100 fect of the upper 
portions are laid bare. The cliff here faces both east towards the river, 
and south towards a branch ravine, and is from 20 to 40 feet in height. 


Fria. 1. 


: A lhavine. 


SECTION OF WEST CLIFF, PENOKEE GaP. 


Fig. 1 illustrates a measured section made here in 1873, of which 
the following are the details, beginning at the edge of the ravine on 
the scuth: 
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I. Tremolitic magnetite-schist; slaty, highly jointed; coming out in sharp- ee 
edged lozenge-shaped fragments; the non-separable lamin, from a 
line to an inch in thickness, strongly marked from each other by lighter 
and darker shading, the hghter bands being the more quartzose; on 
the darker laminz a pale metallic lustre; streak, hight gray to nearly 
black or purplish-black; containing, as shown by samples from across 
the whole thickness, the following ingredients: iron sesquioxide, 
42.90; iron protoxide, 19.17; silica, 31.84; alumina, 0.38; lime, 1.37; 
magnesia, 1.29; manganese oxide, 1.13; phosphoric acid, none; sul- 
phur, none; water, 0.32=98.46; magnetic oxide, 40.67; specular 
oxide, 11.40; metallic iron, 44.94— a composition which, taken to- 
gether with microscopic observations, indicates the following mineral 
ingredients, named in order of relative abundance: magnetite, quartz, 
hematite, tremolite, pyrolusite; specimens attractable by the magnet 
in coarse fragments, often showing polarity; thickness........ ees’ 19 
II, Dark gray quartz-schist, containing 23.u8 per cent. magnetite, and no 
specular iron; thickness ...... eer ree rrr re ee re ibe 
III. Magnetite-schist, similar to I, sample from across whole width contain- 
ing: metallic iron, 49.4; silica, 27.0; phosphorus, none; thickness... 18 
IV. Gray quartz-schist, nearly free from iron; thickness ..... Silard rep cen aares ie 3G 
V. Magnetite-schist, like I and III, but lighter gray in color, and less finely 
laminated, the sample, taken as before, yielding: iron sesquioxide, 
04.77; iron protoxide, 15.82; silica, 42.90; alumina, none; lime, 1.33; 
magnesia, 2.62; manganese oxide, 1.73; phosphoric acid, none; sul- 
phur, trace; water, 0.47=99.74; magnetic oxide, 50.59; specular 
oxide, none; metallic iron, 36.64— a composition which indicates the 
same mineral ingredients as in IJ, except that the quartz predominates 
and the hematite is wanting; thickness ........c.cccecsecccceccces 10 
VI. Magnetite-schist, like I and III; composition, as shown by ae sis of 
sample taken from all across the bed, some 30 feet above the base of 
the cliff: iron sesquioxide, 43.89; iron protoxide, 19.48; silica, 30.73; 
alumina, none; lime, 1.91; magnesia, 1.63; manganese oxide, 0.87; 
phosphoric acid, 0 02; sulphur, none; water, 0.509=.9.02; metallic 
iron, 40.87; magnetic oxide, 62.70; specular oxide, 0.61; and by 
analysis of another similar sample from near the foot of the cliff: 
metallic iron, 44.08; silica, 34.06; all of which indicates the same 
composition as in J, except that the hematite is quite subordinate, 
and a small quantity of apatite is added. Tracing this bed down 
the hill-side a distance of some 20 feet vertically, and about 10 
feet below the upper surface, a lenticular mass of bright-lustred specu- 
lar iron is met with, having a maximum width of about 414 fect, and 
length in sight of about 20 feet. This yielded on analysis: iron ses- 
quioxide, 49.16; iron protoxide, 9.07; magnetic oxide, 29.25; specular 
oxide, 29.00; metallic iron, 41.46; thickness ............ Saniensas 36 


Total COST HOH SESH HEH HOHE HOSHOHHHEHOHHSHE HEHEHE EH EOF EE 2 ECR Ce ee ee ee 91 
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The upper surface of VI of the above section joins the upper banded 


schists IV B (8). 
The lower portions of these beds are seen in the vicinity of stations 
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97 and 98 and northward from them. The exposures are, however, not 
nearly so large as those just described. The characters are just such 
as shown by the preceding detailed section. Near station 88, the 
specimen (1,452) described by Mr. Julien in Appendix B, was taken 
from a slaty variety. 

East of the fault line, this division of IV is pushed far to the 
southward, and not so largely exposed as the overlying beds. A num- 
ber of exposures are, however, to be seen on the north side of the 
ravine near station 301 and east from there, with characters just like 
those of the ledges on the west side of the fault. 

The upper banded magnetitic schists, IV B (8), constitute the 
greater part of Formation IV, as seen at Penokee Gap. It is possible 
that some bands of the more slaty kind occur in this division, in the 
vicinity, but, if so, they are of inconsiderable thickness. The expos- 
ures of this division are large on both sides of the fault, and especially 
so on the west, where they make up much of the west cliff of the Gap. 
The section above given of the preceding or slaty division ends in con- 
tact with the banded rock some twenty paccs south of station 101, 
Atlas Plate XXIII, and from here large exposures of the latter rock 
continue northward, forming the bald cliff so noticeable from the 
railroad track below. As seen here, this division of IV is similar 
to IV B (1), already briefly described, the mass of the rock consisting 
of a dark gray to red and jasper-like 
quartzite, only slightly ferruginous, with 
» seams of lustrous, black, and rich mag- 
netite, one-eighth inch to three and four 
\’ inches in width. These seams have a 
‘\ general direction with the bedding of the 
\o\\ rock, but are quite irregular, expanding, 
\\O) contracting, and even terminating sud- 
\\ denly. Not unfrequently branches start 
* off across the bedding, returning to their 
\ former directions at some inches to the 
\(\\\right or left. Traced along the dip, the 
AWAD \seams soon die out, being succeeded by 
AYY\\ AA others, overlapping on one or other side. 

Bawpep wsowerne ovaneare Ona fresh fracture, or on a surface newly 

PENOKEE Gar. stripped of soil, these seams do not pre- 
sent any marked contrast with the surrounding rock, but on the exposed 
surfaces, often smoothed by glacial action, the quartz-rock is weathered 
toa light gray, and contrasts finely with the black magnetite bands. 
Fig. 2 is a sketch of an area 4X5 feet, on the surface of the bald cliff 
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alluded to above, and serves well to indicate the general character of 
this rock. 

On the top of the same cliff, another small areca was measured; the 
following are the details: 


Inches. 

1. Dark-gray to reddish quartzite, with numerous very thin and irregular scams of 
magnetite, none of which exceed a thickness of one-cighth inch... «6+ +. 25 

2. Regular seam of pure, fine-grained, black magnetite, without appearance of 
specular oxide; strongly jointed, containing 62.21 per cent. of ivon ......+6- 2 
Di, TARE Ls icG lasek Glee niewr eh a tine Sone Su oe we aes ae eae eet euees aie reas 30 
4. Like 1, but the magnetite seams much more sefsistont and répulte errr ere 26 


A sample taken from all across the face, including both magnetite 
seams and inclosing rock, yielded nearly 40 per cent. of metallic iron, 
while the rock picked free from the iron seams vielded 19.2 per cent. 
Both of these figures are probably 10 per cent. or more too high for the 
general run of the rock. 

A number of other exposures of this division occur on the west side 
of the fault, showing essentially the same characters as those described. 
On the east side of the fault are also large ledges, the most prominent 
rising directly from the edge of Bad river, and filling most of the tri- 
angular area lying between stations 125, 151 and 152, Atlas Plate 
XXIII. As here seen the rock is essentially the same as on the west 
side of the fault, though, on the whole, probably less ferruginons. It 
should be remembered always, that, having been thrown vertically for 
a distance of some 1,700 feet, the layers on the east side represent the 
condition of those on the west side in depth. 

The uppermost member of IV as seen at Penokee Gap, the garnetif- 
erous actinolite-schist, is narrow, having a total thickness of not more 
than 10 feet. It occurs, however, on both sides of the fault, and, from 
its peculiar characters, aids greatly in determining the exact amount of 
dislocation. On the eastern side of the fault it forms a steep slope some 
10 to 20 feet high all along the north side of the Penokee Ronge be- 
tween stations 32 and 36, a distance of four hundred paces, for most of 
which it is exposed. As seen here this rock (1,404, near station 32: 
1,444, 1,445, at station 33) is a dark gray to nearly black, fine-grained 
to aphanitice schist, with a very much iron-stained surface, and shows 
Jayers marked by darker and lighter grays. The lighter layers are 
coarser than the rest, and in them can be scen with the loupe thickly 
crowded, minute, garnet-l-ke erystals. Under the microscope the sec- 
tion shows an exceedingly fine, greenish ground-mass of radiating 
actinolite, scattered through which are pretty frequent irregular pieces 
of magnetite, to which the dark color of the rock is evidently | in part 
due. For satisfactory resolution of the actinolitic ground-mass a power 
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of over 100 diameters is requisite. In the darker layers the garnets are 
sparse or wanting, while in the others they are crowded together s0 as 
almost to exclude the matrix. The garnets run from 0.05 to 0.8 mm. 
in diameter, and are much fissured, though but little decomposed, re- 
maining for the most part dark between the crossed nicols. Dashes of 
_ bright color are, however, seen, which may be actinolite needles, also small 
areas of color adjacent to the fissures, which belong to some decomposi- 
tion product. Magnetite is also included in some of the larger garnets. 
On the east side of the fault this bed is again seen, the exposures oc- 
curring on the bank just east of the railroad track, and some thirty 
paces south of station 150. The layers seen here are mostly higher 
than those exposed on the west side of the fault, and somewhat differ- 
ent in character. The extreme southern end of the exposure shows, 
however, precisely the same rock as seen at stations 32, 33, ete. North- 
ward from here the rock grows coarser in grain, the garnets be- 
coming rarer. Under the microscope this variety (1,502) shows beauti- 
fully radiating tufts of actinolite, much coarser than before, the spaces 
between the tufts being often filled with a brownish ochreous matter. 
The garnets are rare, and are at times pierced entirely through by 
needles of actinolite. Still higher in the layers the grain of the rock 
becomes yet coarser, the actinolite being now distinctly perceptible to 
the unaided eye, while the garnets are still rarer (1,501). T*igs. 1 and 
2 of Plate XIII B, show the appearance under the microscope of thin 
sections of this rock, the former being from a specimen (1,404) taken 
near station 32, the latter from one (1,502) taken 35 paces south and 
20 east of station 150. At 30 paces south and 20 east of station 150, 
Formation No. V, a black slate, is seen in contact with IV C. 


East of Bad river. The course of the magnetic belt is slightly 

Fic. 3 north of east through the northeast 
quarter of Sec. 14, a number of 
ledges of magnetitic schist showing 
on the north side of the stream which 
flows westward through the southern 
part of the quarter-section. About 
600 paces west and 600 south (esti- 
mated) from the northeast corner of 
Sec. 14, the section of Fig. 3 was 
observed on the north side of the ra. 
vine through which flows the stream 
just mentioned The slaty layers of 
Section on N. E.Qr. Bec. 14,7.44,R.3w. the lower part of this figure are 
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richer in iron than usual. A sample taken from a thickness of 5 feet 
yielded on analysis: iron sesquioxide, 67.06; iron protoxide, 8.38; 
silica, 18.47; alumina, 6.30; lime, 2.48; magnesia, 2.28; manganese, 
oxide, 1.05; phosphoric acid, 0.13; water, 0.45=100.60; magnetic ox- 
ide, 27.00; specular oxide, 48.44. About forty rods east of this point 
on the same hillside, another sample, representing a thickness of 10 feet, 
of about the same horizon, yielded 44.43 per cent. of iron. 

On the east line of Sec. 14, judging from the magnetic observations, 
the northern line of IV is about 200 paces south of the corner. 

In Sec. 13, after continuing a short distance in the direction just 
named, the belt seems to curve gently to south of east, the northern 
border crossing the east line of Sec. 13 at 300 paces south of the south. 
east corner. In this section exposures are almost continuous along the 
crest of the Penokee Range, and the summit of its northern slope. At 
the time of my last visit, 1877, quite a little test-pitting had been done 
on the northwest quarter of this section. The principal work was at a 
point some 840 paces east and 350 south of the northwest section cor- 
ner. The rock exposed here is of the banded variety, is largely charged 
with reddish jasper, and highly polished by glacial action. The ore- 
streaks are broader than usual, reaching one and a half feet, and are 
chiefly of the specular oxide, some yielding a very rich steely specular 
ore (2,045), which is, however, magnetic, and yields a purplish powder. 
We have here evidently a continuation of the upper banded magnetitic 
schists of the Penokee Gap section. 

On the northeast quarter of Scc. 13, a mural exposure, chiefly of the 
slaty kind, was noticed near the top of the southern slope. A sample 
from the best consecutive 40 inches yielded 46.26 per cent. of metallic 
iron. Twenty feet higher in the layers the banded schist was in sight, 
with quite numerous seams of rich specular ore. The best 5 feet con- 
tained upwards of 45 per cent. of iron. 

In Sec. 18, T. 44, R. 2 W., the magnetic belt curves again to north 
of east, its northern border passing out near the northeast corner of the 
section. The Penokee Range here is quite narrow and steep-sided, and 
a number of low mural exposures occur at the top of the south slope, 
as also others on the crest and northern slope. The whole section is in 
windfall, and numerons small exposures have been made by falling 
trees. A thickness of 10 feet, measured at the top of the south slope, 
on the northwest quarter of the section, yielded 37 percent. of iron. 
The exposures are chiefly of the banded variety, though the slaty kind 
is also seen. 

In Sec. 17 the course is nearly due east half way across the section, 
when a sharp curve is made to the northeast, the whole belt crossing 
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into Sec. 8, the next to the north. In the southeast corner of the latter 
section, another abrupt turn is made, now to a due east course, the 
southern border of the belt crossing the east section line 100 paces 
north of the southeast corner. In Sec. 17 there are almost constant 
exposures from the northwest corner along the crest of the Penokee 
Range, half way across the section. Most of these are of the banded 
variety, which, judging from the exposures, seems here to make up 
even a larger part of IV than at Penokee Gap. Some slaty mate- 
rial, and that richer than usual in iron, is to be seen. Ledges 55 and 
66, Atlas Plate XXIV, are on the north side of a ravine opening south 
of east. The lowest layers seen there are grayish quartzite (2,049), 
almost without ferruginous admixture. Further up the hill and higher 
in the strata, narrow purplish bands come in, and the rock is very 
jaspery. Still higher a thin-laminated magnetitic slate (2,051) is seen, 
in part quite rich, with a width of some twenty feet. The magnetite 
throughout contains not a little of the specular oxide. At the north 
quarter-post of See. 17, are still higher layers, in which the purplish 
ferruginous matter is pretty uniformly distributed in a granular 
quartzite. 

At the gap through the Penokee Range near Mount Whittlesey, there 
are a number of exposures of IV, both in the creck and on the hill-side 
above. The southernmost of these is in See. 17, 29 paces south of the 
section line. The others are in See. 8. On all, the rock is adark gray 
quartzite, with but little ferruginous material (2,0594, 2,060), and that 
in narrow seains. These ledges strike N. 56° E., and only 250 paces east 
are large exposures of east-and-west slate belonging to III, proving 
very nicely the abrupt bend made here by the whole formation. 

On the summit of the Penokee Range north from Mt. Whittlesey 
are a number of ledges, one mound-like in form, and of quite large 
size. The rock seen here and also in some old pits near by is the same 
as that exposed in the valley just west. The strong attractions noted 
further down the north slope of the range seem to indicate a larger 
content of iron in the upper layers of IV than in the lower exposed 
portions. | 

Across Sec. 9 the magnetic belt bears a little north of east, its south- 
ern border gradually changing from the north to the south side of the 
south section line. Exposures are constant all across the section both 
on the crest of the ridge and on the upper part of the southern slope. 
Beginning just south of the south quarter-post of See. 9, and running 
along the section line and just north of it, to beyond the southeast sec- 
tion corner, is an almost continuous series of bold exposures. These 
are mostly of a peculiar brownish-grey, very highly granular, magnetitic 
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quartzite (2,064), quite different in appearance from anything in the 
Penokce Gap section, to the banded quartzite of which it most nearly 
approaches. The bands, however, are only occasionally as sharply de- 
fined as in the latter rock, being generally merely lighter and darker 
shadings. These bands are quite irregular, and show much contortion. 
Interstratified with this coarser prevailing rock, at least two layers of 
thinly laminated, black, slaty magnetitic schist (2,061), with a width of 
about five paces, were made out. <A large portion of the unusually 
high crest of the Penokee Range in the northern part of Sec. 9, is made 
up of this banded rock, the northern slope showing exposures of a 
more massive magnetitic quartzite, quite lean in iron. 

On the east line of Sec. 9, some tliree hundred paces north of the 
southeast corner, a number of old test-pits expose rather poorly the 
uppermost layers of the magnetic belt. A sample selected from the 
whole length of one of these pits, a distance of fifty feet across the 
strike, yielded 41.19 per cent. of iron. As seen here, the magnetic 
rock is very highly slaty, and the usual quartzose ingredient is replaced 
by a softer clay-like material. From the appearance of some especially 
slaty and quite lean fragments obtained from the northernmost of these 
pits, it is evident that we are here very near the junction with the next 
formation of the Huronian series (V). 

Entering Sec. 10, the magnetic belt bears slightly north of east for 
nearly half a mile. It then turns abruptly almost at right angles, 
trending at first a few degrees east of north to near the middle of the 
section, and then about northeast, the southern border of the belt pass- 
ing out of the section about two hundred paces north of the east quar- 
ter-post. The same high crest noted in Sec. 9 extends more than half 
way across Sec. 10, and shows here again on its northern slope a num- 
ber of exposures of the peculiarly banded rock seen in Sec. 9. On the 
steep northern slope of the ridge in the northeast quarter of Sec. 10 
are large exposures, having a length of some twenty rods, of dark grey 
quartzite very lean in iron. About five hundred paces west of the east 
quarter-post of Soc. 10, a width of about fifteen feet of the slaty mag- 
netitic schist is in sight. 

Entering Sec. 11, our belt holds on its northeast course, soon passing 
into Sec. 2, the east line of which is crossed by the southern border 
of the belt at 200 paces north of the southeast corner. In the north- 
west quarter of the northeast quarter of Sec. 11, and the southwest quar- 
ter of the southeast quarter of Sec. 2, Carrie’s creek passes the Penokee 
range. For some distance on each side of the valley in which the 
creek flows, exposures are numerous. At the north quarter-post of 
Sec. 11, and from there running some forty rods westward and twenty 
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eastward along the course of the Iron Range, is a steep north-facing 
ledge of nearly non-ferruginous dark grey quartzite. This is on the 
north slope of the ridge, and is evidently a continuation of the similar 
rock seen in a similar position across much of Sec. 10. The same kind 
of rock, with a few magnetite seams, is exposed for some 150 paces 
south of the quarter-post. In Carrie’s creck, 125 paces south of the 
north line of Sec. 11, and 250 east of the north quarter-post the same 
dark grey quartzite, now, however, more highly charged with magne- 
tite, is exposed, with a width of thirty feet. 

On the east side of Carrie’s creck, and running along the north line 
of Sec. 11 for several hundred paces eastward, are numerous small ex- 
posures of the same rock. These strike north 60° east, and since 
the section line crosses them diagonally, a considerable thickness is 
here exposed. At about 500 paces west of the northeast corner of Sec. 
11, thinly laminated, very highly magnetitic schists (2,081) are exposed, 
which are of course lower in the series than the quartzites Just men- 
tioned. | 

Crossing the southeast quarter of Sec. 2, the magnetic belt con- 
tinues on its northeast course to about the middle of Sec. 1, when it 
curves to a more nearly easterly direction. On the southwest quarter 
of this section, a bold exposure, on the north slope of the ridge, shows a 
thickness of some sixty feet of both slaty and banded: magnetitic schists. 
A sample from across the lower 20 feet, which showed the banded vari- 
ety, yielded: iron sesquioxide, 40.42; iron protoxide, 12.33; silica, 
39.17; alumina, 1.14; lime, 1.37; magnesia, 1.90; manganese oxide, 
0.55; phosphoric acid, trace; sulphur, none; water, 2.16=99.04; mag- 
netic oxide, 89.73; specular oxide, 13.02, metallic iron, 37.89. The 
ore seams, sampled independently of the rest of the rock, yielded 47.29 
metallic iron. One seam, though looking somewhat richer than the 
general run, yielded only 47.26 per cent. Farther north and down 
the slope of the ridge a bold face of black slaty magnetic schist is in 
sight. A sample taken here across a thickness of twenty feet yielded 
only 12.99 per cent. of metallic iron. Other exposures of similar char- 
acter occur along the ridge in the same section. 

Entering Sec. 6, T. 44, It. 1 W., with the south border about 150 paces 
south of the west quarter-post, the magnetic belt swings around again 
more to the northeast. In this section the Penokce Range is especially 
high and narrow, with a very steep northern slope. Outcrops are not 
numerous. One small one showed a bright specular ore, banded with 
jasper. A sample from a thickness of four fect yielded only 25.64 per 
cent. of metallic iron. 

In the northeast quarter of Sec. 6, the course of the belt makes an- 
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other turn eastward, and in the northwest quarter of Sec. 5, it turns 
again to the northeast, maintaining this course across the southeast 
quarter of Sec. 32, T. 45, R. 1 W., and See. 33 of the same town to 
‘yler’s Fork in the northeast quarter of the Jatter section. On the east 
line of See. 32, 250 paces north of the southeast corner, is a large north- 
facing ledge of the peculiar rough-textured banded quartzite. so largely 
exposed near the south line of sections 9 and 10, T. 44, 2.2 W. On the 
southwest quarter of See. 33 is an exposure on the north slope of the 
ridge, 200 feet Jong and 20 feet high, with a thickness of 20 feet in 
sight, of a banded magnetitic quartzite, the ore streaks being unusually 
abundant, rich, and easily separable from the adjoining rocks. These 
ore seams, averaging one to one and one-half inches thick, ean be broken 
out in large slabs two to three feet in length, and yield a nearly pure, 
compact, purplish magnetite. A sample including both rock and ore 
seams yielded only 25.81 per cent. of metallic iron. A sample made 
from all along one of the ore seams yielded: iron sesquioxide, 65.91; 
iron protoxide, 27.49; silica, 4.68; alumina, none; lime, 1.79; magnesia, 
none; manganese oxide, 0.56; phosphoric acid, none; sulphur, trace= 
100.43; magnetic oxide, 88.57; specular oxide, 4.83: metallic iron, 67.66. 
The exposures at the gorge of Tyler’s Fork, northeast quarter of Sec. 
33, have already been partially described, and a map given on Plate XIV. 
Referring to this plate it will be seen that just at the junction between 
the magnetic belt and the formation below (IIT), the river makes a 
heavy fall. Then, turning, it runs about five rods along the strike, and 
makes another fall, at the same time turning again at right angles. 
From here down for 150 feet it passes through overhanging walls 30 
feet high, of ferruginous quartzite, below which for several hundred 
feet are several other exposures of the same rock. The section of the 
magnetic belt seen here may be briefly summarized as follows, begin- 
ning below: 


Ft. In 
Thin-laminated, black magnetitic slate ..... Hae Res ethene casas nner tenes ~ 2 2 
Slightly ferruginous gray quartzite... cceccccscccseccrevereccnce coccccecs os 4 
Magnetitic slate, thin-laminated, very regularly slaty, dip 66° N., strike S. 
5S? Wivcesnsacs Se6! Sisweaneaeannae diene ee Stes we ewes Sear emeleeswen - 4 6 
Not well seen......-. eer sere ree a elorsiete cco secon iio wedouss 4 


Jaspery magnetitic slate or schist, including black slaty layers as above, and 

intersected by white quartz veins; including also ferruginous seams, yield- 

ing 40 per cent. of metallic iron....... secu Nee eeeerten Meneame 21 
Dark gray magnetitic quartz-schist or quartzite, with occasional seams richer 

than the rest, but as a whole containing but little iron oxide, grading be- 

low into the thin-iaminated jaspery schist, and above into a massive quartz- 

ite. Forty feet from the base is a persistent seam of siliceous red hematite, 

20 inches wide, a sample from which yielded 41.29 per cent. of metallic 

WONG seh oee0x rer rer rrr ie er ee (Adee ewes eer erots era 160... 


Vou. Ill.—9 
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Ft. In. 

Covered ....... pemees Siecle boetue ws ee ee ere or Saaedeaaetetore: LUO" sad 
Dark gray magnetitic quartz-schist.......scccccsccsocssccscacececs istecacs 26 
Covered! ceteris a cects oh ecte mainte vor eaten’ wcreeese ans cocaine - 340 
Dark gray magnetitic quartz-schist.......seee. « er er re sss Dace Pecos 20 

Total dudeiterawne seeeaee rater oie wealeee cpeenes waeereseewewe eee 77 «00 


The section of IV thus described shows a much smaller content of 
iron oxides than noted at any point in its more western portions. It 
is generally true, moreover, that from here eastward there is a continual 
decrease in the iron content, this decrease being accompanied by a 
lessening in magnetic attractions. As far as the Potato river quite 
strong attractions occur, but they are usually restricted to a much nar- 
rower belt than before; while east of the Potato river the amount of 
deviation of the needle rapidly lessens, disappearing altogether before 
the Montreal is reached. 

Eastward from the gorge of Tyler’s Fork the course of the magnetic 
belt is about N. 65° E., through the northern part of Sec. 34, the 
southern of Sec. 26, the northern of Sec. 25, T. 45, R. 1 W., and the 
southern of Sec. 19, T. 45, R. 1 E., to the Potato river on the east line 
of the latter section. In this distance the exposures are rare and small, 
the only one of any size occurring directly on the meridian line near 
the southwest corner of Sec. 19, T. 45, R. 1 E. Tere is a face towards 
the north 10 feet high, and 150 to 200 feet in length, of the banded 
magnetitic quartz-schist. The strike direction corresponds with the 
general course of the belt, being N. 63° E., while the dip is as much 
as 80° to 85° N. The bedding is quite plain, the layers having a small 
thickness. The rocky material very largely predominates. A sample 
from across the whole thickness of 30 feet in sight, including rock and 
ore seams, yielded only 37.94 per cent. of iron. The ore seams are 
irregular, from one-eighth to half an inch thick, and contain, mingled 
with the magnetic oxide, a large quantity of the specular variety, speci- 
mens always giving ared streak. A sample from one seam yielded 68.89 
per cent. of metallic iron. Associated with the ore seams, in thin lamina, 
is much of the black oxide of manganese. White quartz seams, carry- 
ing flakes of brilliant hematite, traverse the layers. 

On the east side of Potato river, immediately above the slate (III) a 
number of small exposures of the magnetitic schists are in sight, the 
largest being near the base of the bed. These show a quartz-schist 
lean in iron oxides, Higher up in the formation, and about twenty rods 
north of the river, three small exposures were examined. near the top of 
the ridge. The structure here is highly slaty, the rock and ore seams 
alternating as usual. The latter show always the red streak. A sam- 
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ple from the entire 25 fect of thickness in sight yielded: iron sesqui- 
oxide, 46.06; iron protoxide, 5.02; silica, 40.50; alumina, 5.10; lime, 
0.79; magnesia, 0.54; manganese oxide, 1.41; phosphoric acid, none; 
sulphur, 0.12; water, 0.55=100.08; specular oxide, 34.91; magnetic 
oxide, 16.17; metallic iron, 36.14. A ten-inch bunch of slaty ore layers 
near the base of the exposure was sampled independently of the sur- 
ronnding rock. The sample contained 38.43 metallic iron. Some of 
the ore seams, having a bright specular look, yielded: metallic iron, 
26.55; specular oxide, 35.55; magnetic oxide, 4.75. Two hundred feet 
further north, and now on the north slope of the ridge, a thickness of 
22 inches of the same slaty rock as before was sampled; the sample 
yielded: metallic iron, 34.75; magnetic oxide, 24.01; specular oxide, 
30.04. 

Eastward froin the Potato river, TV continues on the same N. 60° to 
40° E. course, through sections 20, 17, 16,15, 10, 11, 12 and 1 of T. 45, 
R.1E. Further east, the course is in general the same through Sec. 6, 
T. 45, R. 2 E., and sections 31, 32, 33, 84, 27, 26, 23 and 24, T. 46, R.2 E,, 
to the Montreal river, but there are several curves. On one of these, in 
Sec. 33, T. 46, R. ¥ E., the course is but little north of east for nearly a 
mile. In all of this distance, the only exposures of any size are those 
on the Gogogashugun river, Sec. 27, T. 46, R. 2 E., outcrops of any 
kind being very rare. Theonly ones noticed west of the Gogogashugun 
are small ones of a blackish magnetitic slate near the top of the forma- 
tion, in Sec. 6, T. 45, R. 2 E., and See. 32, T. 46, R. 2 E. (Nos. 11, 12, 
13, Atlas Plate XX VI.) 

At the passage of the Gogogashugun river, the exposures are large 
and interesting. A map of this place has already been given. The 
following description of the exposures of IV, as seen here, is taken 
from the notes of Professor Chamberlin, by whom the examination was 
made: 

“The lower portion of this belt consists of beds of red and white 
quartzite of medium massiveness and somewhat irregular texture, and 
containing a small proportion of ferruginous and other impurities, 
irregularly distributed. As we rise through the layers the ferruginous 
material becomes more abundant, and forins thin layers interbedded 
with the quartzite beds, which are in this portion usually thinner. The 
iron takes the form of red hematite, or, to a less extent, of limonite, 
and shows abundant evidence of molecular rearrangement since its 
original deposition. This is seen in the crystalline form which a por- 
tion of it exhibits, and in the fact that in some portions it is mainly 
aggregated in pockets and fissures in the quartzite. In some portions, 
the quartzite has evidently been much fractured, and the cracks subse- 
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quently filled with the iron ore. There is also present a considerable 
relative proportion of manganese oxide, often in crystalline agrrega- 
tions. The interbedded seams of iron ore are usually disintegrated and 
removed at the surface, when the strata are exposed, leaving the asso- 
ciated beds of quartzite separated by corresponding spaces. The surface 
width of the quartzite, before it becomes notably ferruginous, is about 
200 feet. Beyond this point it is feebly exposed at intervals, on the 
right bank of the river.” 

The specimens of iron ore brought from here by Professor Chamber- 
lin show an excellent quality of highly manganiferous soft hematite. 
It will be seen from this description that in the Gogogashugun section 
there is no sign of either the magnetic or specular iron oxides that 
characterize the more western portions of IV. On reference to the 
map of Atlas Plate XX VI, it will be observed that the magnetic attrac- 
tion has almost entirely disappeared. 

On the Montreal river, the only exposure of IV is a small one of 
red and gray jaspery quartzite near the base of the formation. 


West of Bad river. This portion of the magnetic belt has been ex- 
amined in detail by Mr. Wright, and will be found described in 
his report in this volume. A number of points having been noted during 
the preliminary reconoissance of this part of the belt in 1873, I repeat 


SECTION IN EXPLORING TRENCH, NortHEast QuARTER Sec. 15, T. 41, R. 3 W. 


here what was given in my report for that year, with some condensation. 
Westward from Penokee Gap, there are exposures of the magnetic 
schists on nearly every quarter section, often of large size. These ex- 
posures are nearly always at the summit of the Penokee Range, or near 
the top of its southern slope, and form not unfrequently almost precip- 
itous south-facing cliffs. This is especially true of the more quartzose 
layers. 
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Across Sec. 15, T. 44, I. 3 W., to the eastern line of which section we 
have already carried our descriptions, the magnetic belt trends but very 
slightly north of west, its northern border lying just north of the north 
line of the section, On the northeast quarter of See. 15, about 00 paces 
north and 500 west of the northeast corner, a number of fresh exploring 
trenches were examined in 1873. In one of these, the section shown 
in Fig. 4 was obtained. 


The following are the details of this section, beginning on the south: 
Ft. In. 
1. Heavily bedded, gray, non-magnetic quartzite, the uppermost layers of which 
show a transition into the next Inyher layers; a sample from the whole 
width yielding only 2.03 per cent of iron; thickness......  ..ee ere 16 4 
2. Dark colored, highly magnetic quartzite, containing 11.23 per cent. of iron; 
thickness ....sscccceree ielectaee Gedewen come aees eeawaia e tesaeWiees es D> “are 
8. Thinly laminated, brilliant steely-lustred, red-streaking specular iron ore, 
interlaminated with quartz seams; strongly magnetic, specimens showing 
strong polarity; a sample from all across the bed yiclded: iron sesqui- 
oxide, 49.44; iron protoxide, 8.46; silica, 33.89; alumina, 1.15; lime, 3.16; 
magnesia, 2.40; manganese oxide, 0.34: phosphoric acid, none; sulphur, 
none; water, 1.5 = 100.34; magnetic oxide of iron, 27.26; specular oxide, 
30.64; metallic iron, 41.19; — this analysis showing the same ingredients 
as in the schists at Penokee Gap, viz.: quartz, specular hematite, magne- 
tite, tremolite and pyrolusite, though in different order of relative import- 
ance. On the lower side this layer is sharply defined, but above, a 
graduation into the next layer is observable; thickness...... sistas ievaistae oO 
4, Specular quartz-schist, thinly laminated, feebly magnetic; containing 30.8 
per cent. of iron; thickness..... petiesesteae 5 asa ica sires tearenmiere eared 4 2 
. Quartzose magnetite-schist; thinly laminated to slaty; dark colored, with- 
out appearance of specular iron; very highly magnetic. The sample from 
the whole thickness yielded: iron, 30.13: iron sesquioxide, 27.8; iron pro- 
toxide, 13.34; a proportion which proves the absence of specular hematite. 
Thicknegs..scce cccceccccncccecssccscceeccsescscrsscsnsesesceceees o.4 
6. Quartz-rock, free from ferruginous admixture; thickness ...... Oh weebee. wor VO 
. Quartzose magnetite, like No. 5; containing: iron, 38.4; iron sesquioxide, 
37,20: iron protoxide, 12.90; magnetic oxide, 01.22; specular oxide, 1.88; 
thickness ...-ccccercccccceccccsecccssecce oboe Weweeeeeemmeaasae 1 1 
. Quartzite, light colored, non-ferruginous; thickness ....... ‘Mocsieres; -O 
9, Not seen; thickness ......- e Sientomeeiee, meeraatnes ene ee -- 10 
10. Specular ore, like No. 3. The analysis of a carefully averaged sample 
yielded: metallic iron, 45.07; jron-sesquioxide, 59.15; iron protoxide, 4.72; 
magnetic oxide, 15.20; specular oxide, 48.66; thickness seen......+-. ne 


or 


~] 


oO 


otal: ics eiecedreew 6 aa ciee seen as Lae bape Savas sds oe Gaeseaeesee Gy . 56 
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The section thus described serves well to show the alternations of 
ferruginous and non-ferruginous layers, and the peculiar association 
of specular hematite and magnetite that is so characteristic of the 
Penokee Range throughout its whole length. The layers represented 
in this section belong well down in the formation, and correspond 
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either to the “slaty schists,” IV B, (2), or the “lower banded schists,” 
IV B, (1) of the Penokee Gap section. In the immediate vicinity of 
this trench, at a point 65 paces south and 600 west of the northeast 
corner of Sec. 15, the shaft of the Penvkee mine has since been 
sunk, and several hundred tons of rock taken out. This pile was care- 
fully sampled in 1875, and the sample analyzed by Mr. E. T. Sweet, 
the result showing 44.44 per cent. of metallic iron. The pile and the 
vicinity of the mine were also carefully examined by the writer in 
1877. A large portion of the pile is composed of the “banded” va- 
riety of magnetic schist, dark-colored magnetite bands alternating with 
bands of greyish quartz. A few pieces of rich granular magnetite are 
mingled with the rest, and also others of a fine-granular, friable, brown- 
ish kind, which is highly magnetic, and very rich, not only in iron but 
also in manganese. South from the shaft house 100 paces the siliceous 
slate III is in place. The mouth of the shaft is just 1,000 feet above 
above Lake Superior, and about 300 above the railroad track at Peno- 
kee Gap. 

In Sec. 16 the magnetic belt continues nearly across the section, 
more and more of it passing to the north of the section line as it is 
traced westward. A number of exposures of magnetite-schists were 
noted, one of which, on the northwest quarter of Sec. 16, is a bold mural 
one, on the south face of the ridge. Here a slaty magnetite-schist is 
overlaid by a banded kind, all dipping at a high angle to the northward. 
The thickness of the slaty varicty seen was 15 fcet, a sample from the 
whole of which yielded 49.7 per cent. of iron. 

About two-thirds across Sec. 16 the magnetic belt begins to curve to 
the west and south of west, finally taking a southwest course, which is 
maintained through See. 17, the belt crossing the west line of that 
section abont a quarter of a mile north of the southwest corner. In 
Sec. 17 bold exposures continue to show on thesouth face of the Peno. 
kee range, much of Formation IV being here made up of nearly non. 
ferrnginous quartzite. One of these great ledges of quartzite was found 
forming a steep slope or cliff 50 to 75 feet in height on the northeast 
quarter of the section. At the top of the exposure 25 feet of slaty 
magnetite-schist is in sight, the whole dipping only 50° to the north- 
ward. A similar exposure, extending several hundred feet along the 
strike, was noticed near the center of the section. Here both slaty and 
banded magnetite-schists are in sight above the quartzite, and much of 
Formation III is in sight below. The dip here is as low as 35°. The 
quartzite of these ledges occupies in part the position of the similar 
rock IV A., at Penokee Gap. It is so important a feature of this part 
of the range, partly because of increased thickness, but also because of 
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the low dip, which gives it a greater surface extent, and at the same 
time conduces to the formation of such precipices as I have described. 
A sample taken from the slaty magnetite-schists of the last named ex- 
posure, and representing a thickness of 40 feet, yielded: iron sesquiox- 
ide, 36.41; iron protoxide, 15.77; silica, 39.53; alumina, 0.11; lime, 
1.52; magnesia, 2.52; manganese oxide, 3.12; sulplur, 0.42; phosphoric 
acid, trace; water, 0.54=99, 94; metallic iron, 37.75; magnetic oxide, 
50.8; specular oxide, 1.88 —a composition indicating the same min- 
eral ingredients mentioned so many times before, viz: magnetite, 
quartz, tremolite or actinolite, pyrolusite, hematite and pyrite. 

In Sec. 18, T. 44, R. 3 W., the magnetic belt continues on its south- 
west course, entering the northwest corner of Sec. 19. A number of 
exposures occur in See. 18, showing generally quite a low dip. One 
ledge, a few feet wide, near the center of the section, was sampled, the 
analysis of the sample yielding 38.75 metallic iron. 

In the northeastern corner of Sec. 24, T. 44, R. 4 W., the Penokee 
range ends very abruptly. A number of exposures occur beyond the 
end of the range, however, in Secs. 13 and 24, and, as first shown by 
Mr. Wright, the magnetic belt here takes an abrupt turn at right 
angles, the course now being northwest. On the west line of Sec. 
13 another abrupt turn takes place, now to the southwest, after which 
the belt becomes concealed by drift. Its course has been traced out by 
Mr. Wright, by the aid of the magnetic needle, and, from his observa- 
tions entirely, as given in the annual report for 1876, the course of the 
belt, through Rt. 4 W., has been marked on my map of the eastern 
Lake Superior district, Atlas Plate, XXII. 

In T. 44, R. 5 W., the magnetic belt rises again through the drift, 
forming in sections 23, 14, 16 and 17, high ridges. Inthe southern part 
of See. 14 and northern part of Sec. 23 is a bold ridge made up of 
magnetite-schists which rises 200 feet above the surrounding country 
and trends northwest and southeast. Towards thenorthwest this ridge 
is cut throngh by the valley of a small branch which enters the Mar- 
ingonin river at the foot of the bold falls described on a previous page, 
northwest quarter of Sec. 23. The principal exposures of magnetite- 
schist are on the south face of the ridge, and again on the side hill 
facing towards the valley alluded to. The latter are the most exten- 
sive. Beginning a short distance west of the south quarter-post of Sec. 
14, they extend as much as 500 feet in a southwesterly direction. The 
strike of the schist being N. 45° W., these ledges show a thickness of 
several hundred feet. The rock is quite slaty and uniform throughout, 
and contains, according to the analysis of an average sample, upwards 
af 35 per cent. of metallic iron. Passing across the valley in the di- 
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rection of the strike another bold ridge is found upon which were ob- 
served a number of diorite exposures. Some of these appear to lie di- 
rectly in the course of the magnetic belt, to which their true relation 
was not made out. Jn Mr. Wright’s detailed account of this region 
this difficulty will probably be found explained. 

In the southern part of Sec. 16, T. 44, R. 5 W., is another bold ridge 
of magncetite-schist, some 250 feet in height. This ridge stretches 
from the west side of the Maringouin river, all across the section, curv- 
ing to the southwestward in the southwest quarter. The maenetic 
schists here are distinctly interstratified with broad diorite bands, a 
phenomenon nowhere else observed in the entire length of the magnetic 
belt. 

From the southwest quarter of Sec. 16, the magnetic belt was traced 
in 1873, by aid of the dip compass, to the northeast shore of Atkins’ 
lake, northwest quarter of Sec. 20, T. 44, 2. 5 W. Mr. Wright has 
since traced it beyond to Numakagon lake, in R. 6 W. 


Formation V. Black Feldspathic Slate. 


This ]ayer has been seen well exposed only at Penokee Gap. One 
or two poor exposures have been found of a similar rock, in the proper 
stratigraphical position, in the eastern extension of the Penokee Range. 
As seen at Penokee Gap, this member has a width of 200 feet, and a 
thickness of about 180 feet. 

The exposures at the Gap lie altogether on the west side of the 
fault. They are on the side hill just east of the railroad track, near 
station 150, Atlas Plate XXIII. As seen here, the rock (29, 1,428) 1s 
quite perfectly slaty, in layers one-eighth inch to three inches thick, 
dull black in color, soft, powdering greyish, and nearly aphanitic, a few 
minute shining facets being distinguishable with the loupe. Accord- 
ing to Professor Daniells’ analvsis, it contains 9.26 per cent. of iron, 
and 1.42 per cent. of carbon, the latter having been determined by 
direct weight. In Mr. Julien’s report, Appendix B, it will be seen that 
he describes the rock as composed of orthoclase grains imbedded ina 
paste of biotite and opacite, the latter including pyrite and limonite. 
From the results of Professor Daniells’ analysis it is evident that the 
opacite is in partcarbon. In Fig. 4, Plate XV <A, I have given a 
drawing of a part of the slice examined and reported on by Mr. Julien. 


Last of Penokee Gap, as mentioned on p. 127, V is seen feebly 
exposed on the east side of Sec. 9, T. 44, R. 2 W., where there is a grad- 
uation into the underlying magnetite-slates. Exposures of black slate 
belonging to this horizon are also to be seen on the southeast quarter 
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of the northeast quarter of Sec. 1, T. 45, R. 1 E. The slate here is dis” 
tinctly magnetitic, and appears, as indicated by other neighboring ex- 
posures in See. 6, T. 45, I. 2 E., to graduate downwards, by an in- 
erease of magnetite, into the upper portions of IV, themselves here 
unusually soft and slaty. 


Formation VI. 


At Penokee Gap, and thence both east and west along the whole 
course of the Penokee Range, we find immediately north of the mag- 
netic belt, or of Formation V, an interval without exposures. At Pe- 
nokee Gap this belt has a width of 970 feet, which, with the prevail- 
ing dip of 65°, corresponds to a thickness of 850 feet. This barren 
interval may include several distinct layers, or be all included in one, 
or contain more or less of an extension of Formation V. In the more 
southern part of this belt for some miles west of Penokce Gap, Mr. 
Wright has observed magnetic attractions which he thinks indicate 
the position of an ore belt. I have not found any such indication in 
the eastern extension of the Iron Range. 

In T. 44, R. 5, W., sections 16, 17, 19 and 20, are large ledges of a pe- 
euliar hornblende-rock, evidently overlying the magnetic belt or Forma- 
tion IV, and occupying a portion of the barren interval here numbered 
VI. Ihave hesitated, however, to give the name of this rock to a dis- 
tinct member of the Huronian series, because it is found only in this 
one vicinity, where, moreover, severai other deviations from the typical 
stratigraphical arrangement of the lower members are to be observed. 

The main exposures of this hornblende-rock are on the southwest 
quarter of See. 16, the southwest quarter of Sec. 17, and northeast quarter 
of Sec. 19, T. 44, R.5 W. Those on Sec. 19 lie at the foot of a bold 
isolated ridge, in part made up of this rock, which is over 800 feet in 
height, and on the north shore of a small lake. As seen here the rock 
(101, 105) is a dark-colored one, for the most part medium-erained 
to aphanitic. In the coarser varieties, quartz and a blackish min- 
eral are distinguishable with the loupe. Large black shining sur- 
faces up to one-fourth inch in length are also occasionally observable. 
The only section examined under the microscope showed quartz pre- 
dominating, but mingled with much milky orthoclase; hornblende in 
large, greenish, partly decomposed, and much shattered crystals; biotite 
in occasional leaves; rare plagioclase; and apatite as a very abundant 
inclusion in both quartz and feldspar. From the macroscopic appear- 
ance of other specimens, it is supposed that the orthoclase is more 
abundant in this slice than usual. Greyish and pinkish coarse-grained 
granite veins were observed penetrating this rock. 


4 
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Formation VII. Mica-Slate. 


This formation, known only in the vicinity of Bad river, is made 
up of a light to dark gray, aphanitie schist, or slate, the principal min- 
eral constituents of which, as shown by the microscope, are quartz, 
orthoclase and biotite, the texture being wholly crystalline. 

The exposures of this rock in the vicinity of Penokee Gap are all on 
the side of a low ridge, which rises abruptly fifty feet from the south 
bank of Bad river, between stations 189 and 190 of Atlas Plate XXITI, 
and has an east and west extent of about twenty paces. In struc- 
ture, the rock (1,479, 1,480) seen here varies from schistose to slaty, 
the lamine striking east and west, and dipping 60° to 65° north. Ex- 
amined with the loupe, minute scales of mica are occasionally percepti- 
ble, also fine pyrite. The pulverized rock yields a little magnetite. In 
the thin section, the white background is seen to consist of very fine 
quartz and orthoclase grains. Thickly interspersed in this are scales 
of brownish biotite, mostly lying in the schist plane. Small black par- 
ticles, belonging to pyrite, and finer, dusty magnetite, are contained in 
small quantity. Fig. 5, Plate XV A, is a representation of this rock. 
This layer has not been observed exposed at any other point. 


Formation VIII. 


Immediately succeeding the last described layer on Bad river, is a 
blank 320 feet in width, corresponding to a thickness of 290 feet. 
There can be little doubt that this blank space is, in part at least, 
occupied by a continuation of the mica-slate of VII. 


Formation IX. Chloritic Diorite. 


This layer is known only from its exposures on Bad river, on 
which it forms a series of rapids. The horizontal w:dth is 170 feet, 
and thickness 150 feet. The exposures are wholly on the west side 
of, and very close to the fault line. Their Interesting relation to the 
large exposures of black slate in the immediate vicinity, and on the 
other side of the fault line, is noted in another place. 

The exposures on Bad river are just west of the line between stations 
914 and 215, Atlas Plate XXIII, extending across the river. The rock 
is very dark-colored and massive, being without any appearance of 
bedding structure. At the foot of the falls, the texture (1,435) is very 
close, being almost aphanitic, and numerous narrow seams of white 
quartz are seen. Further up, the rock (1,435 to 1,439) becomes some- 
what coarser in grain, and the texture is seen to be highly crystalline, 
a striated feldspar and dark-colored mineral being occasionally dis- 
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tinguishable with the loupe. Pyrite is also at times visible, its pres- 
ence being frequently indicated by the brown iron-stain on some 
surfaces. The complete microscopie description by Mr. Julien, in Ap- 
pendix B, renders unnecessary anything farther on my part. It may 
merely be said that the main ingredients are much altered amphibole 
and plagioclase, pyrite presenting itself as a constant accessory. I 
have myself examined a number of other thin seetions ground from 
specimens secured from all parts of the exposure, and, with the exception 
of variation in coarseness of grain, they correspond in all respects with 
the one examined by Mr. Julien. I give a representation of the 


latter in Fig. 3, Plate XV A. 
Formation X. Mica-Slate. 


This layer is also known only in the vicinity of Penokee Gap, where 
it is seen exposed on the side of a steep bank near station-48 of 
Atlas Plate XXIIT, and again in the bed of a small stream about a 
hundred paces further east. It has not been observed on the east side 
of the fault line. The total width indicated by the exposures is not 
greater than 25 feet. 

This rock (1,440, 1,441. 1 AT 6) is a gray, fine-grained, minutely erys- 
talline, soft slate, closcly resembling the rock of Formation VII, from 
which it is also indistinguishable under the microscope. 


Formation XI. 


Succeeding the last-mentioned rock, in the vicinity of Penokee Gap, 
is @ space within which no exposures have been observed, having a 
width of 310 feet. These figures correspond tu a thickness of strata 
of 280 feet. From the evidence of loose fragments, and from the 
similarity of the rocks on both sides, it is surmised that a large porticn, 
at least, of this blank is filled with mica-slates. No exposures have 
been as yet observed elsewhere in the Huronian belt that could be 
referred to this interval. 


Formation XII. Black Magnetitic Mica-Slate. 


This rock is known only on the east side of the fault line near Penokee 
Gap, where, however, the exposures are large, and of much interest. 
The rock is quite closely allied to that of Formation VI, from which it 
differs in its blacker color, the blackening material including magnetite, 
pyrite, and probably also carbon. The horizontal width of this formation 
in sight near Penokee is 250 feet, corresponding to a thickness of 225 feet. 
The exposures near Penokee Gap are all close to Bad river, the largest 
being included in the square of stations 214, 223, 198, 189 of Atlas 
Plate XXIII. Here we find a low hill, some thirty feet in height, 


140 GEOLOGY OF THE EASTERN LAKE SUPERIOR DISTRICT. 


lying in the bend of Bad river. In addition to the natural exposures, 
the railroad excavations have bared the rock in a number of places, 
besides which there is a cutting 10 to 15 feet in depth, and some 400 
fect in length. The rock,on all these exposures is quite uniform. It 
is a jet-black slate or slaty schist nearly aphanitic in‘texture, soft and 
argillaceous. Numerous little, elliptical, anygdaloid-like spots of a 
duller black than the rest of the rock, and one-twentieth to one- 
thirtieth inch in diameter, dot thickly the surfaces of the lamination 
planes (1,429 to 1,433). The weathered surface and the surfaces 
of joint-cracks show often a bright yellow iron-stain. In Appendix 
B is given a detailed description by Mr. Julien of the microscopic 
characters of a thin section of this rock. Several other sections which 
I have myself since examined present exactly the same appearance. 
The rock is wholly crystalline, having a ground-mass chiefly of quartz, 
through which are scattered minute scales of mica and black particles 
of magnetite and pyrite, and probably also carbon. To the oxidation 
of the pyrite are evidently to be attributed the iron-stained surfaces. 
The thin section does not show any difference between the black spots 
seen macroscopically on the schist planes and the rest of the rock, 
other than the thicker crowding of the black ingredients. It is sur- 
mised from the characters of a similar slate occurring somewhat higher 
in the series, that these spots may be the remnants of crystals of 
chiastolite. 

The slaty lamin are not aiways very thin, running sometimes to 
two inches in thickness. In the cutting at the southern end, the layers 
strike north 69° west, dipping 69° to the north. Twenty-three paces 
further on, a band two feet in width of highly contorted slate strikes 
across the cutting in a north 62° west direction. Further north still, 
the strike-planes turn yet more towards the north, trending at the 
northern end of the entting north 52° west. On the large bared sur- 
faces to the west of the cutting the rock is seen to be much faulted, 
the presence of whitish bands coinciding with the bedding making 
the amount of throw in each case quite evident. The unusual amount 
of northing and the peculiar variations in the strike directions at this 
place, together with the much disturbed and faulted condition of the 
rock to the west of the cutting, have an interesting relation to the 
Penokee fault, as shown on a subsequent page. 


Formation XIII. Chloritic Diorite. 


This layer is known only in the vicinity of Penokee Gap, where it 
is found on the east side of the fault with a horizontal width of 40 
feet and thickness of 35 fect. The rock is allied to that of Formation 
XII, although there are well-marked differences, as noted below. 
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The only exposure known is a poor one on the sides of the railway 
cutting already described as passing through formation ATI, where 
there is a total width, measured along the sides of the cutting and in- 
cluding exposures and unexposed intervals, of 60 feet, which, taking 
the strike direction into account, corresponds to a true width of about 
40 feet. Macroseopically, the rock seen here (1,454) is very finely 
erystalline, compact, dark gray to black, and pyritiferous, differing from 
the rock of Furmation IX, which is exposed in the river bed near by, 
chiefly in its greater fineness of grain, but also in a minute and barely 
pereeptible stringy arrangement of the constituents. Under the micro- 
scope, a thin section shows a predominating amount of greenish and 
much shattered and altered hornblende, which is in certain places only 
stronely dichroitic. Throughont the whole section, the hornblende 
fibers retain one general direction, to which also the black magnetite 
conforms in long strings, indicating apparently a sort of schistose 
structure. The plagioclases are in quite small, much rounded grains. 
From the rock of IX that of XIII differs then, (1) in the fibrous char- 
acter of the hornblende; (2) in the stringy arrangement of the whole 
section; and (3) in the greater amount of hornblende and subordinate 
amount of plagioclase. 


Formation XIV. Black Mica-Slate. 


The principal exposures of this formation are in the neighborhood of 
Bad river, and in the sections immediately to the west, besides which 
there are a few small scattering ones in the eastern extension of the IIu- 
ronian belt, which appear to belong to the same horizon. The rock isa 
dark gray to jet-black, aphanitic slate, closely similar to that of Forma- 
tion XII. In certain layers numerous blades of chiastolite are thickly 
distributed. The blackening material appears to include, as in the rock 
of Formation XII, magnetite, pyrite and carbon. The total apparent 
width of this layer on Bad river is 415 feet, corresponding to a thick- 
ness of 375 feet. Over 200 feet of the middle portion of this width, 
however, is without exposure, the continuation of the same rock through 
the blank space being an inference from drift evidence, and from the 
close similarity of the rocks on both sides of the gap. 

The exposures of this formation in the vicinity of Bad river, See. 11, 
T. 44, R. 3 W., are found on both sides of the fault line. The lower- 
most layers are to be seen imperfectly exposed in the northern end 
of the railway cutting already described as showing XII and XIII. 
The upper layers are seen on the west side of Bad river, between sta- 
tions 23 and 59, where they form, with the next higher members of the 
series, a bold cliff some 30 to 50 feet in height, and rising directly from 
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the water’s edge. The width exposed is about 140 fect, corresponding 
toa thickness of 126 feet. The rock (1,495, 1,497, 1,498) is black, 
aphanitic, and highly slaty, and is almost exactly like that of XII. 
In some layers numerous blades of chiastolite, one-fourth to one-half 
inch in length, are thickly crowded, lying chiefly in the schist-plane. — 
The microscopic characters of the rock are described in detail by Mr. 
Julien, in Appendix B. I have examined several other sections and 
they coincide entirely with his descriptions. The ground-mass of the 
rock is made up of biotite, tremolite, magnetite and carbon. 


Formations XV to XVIII. Alternations of Black Mica-Slate 
and Dark Gray Quartzite or Quartz-Schist. 


The several layers here included together are known on Bad river, 
T. 44, R. 3 W.; on Tyler’s Fork, in T. 45, R. 1 W., and again on the Po- 
tato river, in T. 45, R. 1 E. Several small, scattering ledges, noted in 
the eastern portions of the Huronian belt, and away from streams, seem 
also to belong here. The black slate of these alternations is always 
aphanitie and in general closely like that of Formations XIII and XIV, 
which it resembles also, at times, in carrying both macroscopic and mi- 
croscopic chiastolite crystals. In the eastern portions of the I[uronian 
belt, the slate often approaches the argillites, becoming excessively fine- 
grained, so as to require a power of several hundred diameters for reso- 
lution. In these cases it is often not so deeply black in color. The 
blackening material appears to be only in part carbon. 

The quartzites and quartz-schists are massive to thin-schistose, dark 
gray to light yellowish-grey in color, and of a very fine-granular texture, 
often appearing under the microscope like a fragmental rock. 


On Bad river. The best exposures of these layers on Bad river are to 
be seen on the cliff-side already mentioned as rising from the west bank 
of the river near station 266. From this station northward, the cliff con- 
tinues to within forty paces of station 255, trending thence northwest, 
with a diminished height, to station 258. XV, the lowest of these alterna- 
tions, is a quartzite bed having a width of 40 feet, or a thickness of 35 
feet. Its junction with the black slate below is seen on the sides and 
top of the cliff just at station 266, and is an exceedingly irregular line. 
The quartzite (1,496, 1,4943) here is dark gray, very fine-grained, and 
compact. Under the microscope it isseen to be made up of angu- 
lar quartz-grains from 0.2 to 0.5 mm. in diameter, and filled with mi- 
nute cavities and other inclusions. For the most part these grains are 
very sharply defined and separate, though at times they merge into the 
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surrounding matrix. Next to the quartz in abundance, and often equal 
to it in size, are milky grains of orthoclase. The matrix appears quite 
confused, and seems in part to be made up of very fine quartz and 
orthoclase granules, together with a considerable quantity of a blackish 
substance in very irregularly shaped particles. At times this black 
matcrial seems to form nearly the whole of the matrix, at others it is 
but sparsely scattered. That itis not magnetite is shown by the action 
of the magnet on the powdered rock; and but little, if any, can be of a 
carbonaceous nature, judging from the negative results obtained in a 
combustion made by Mr. C. I. Vanhise, in the University laboratory. 

Beyond this quartzite, on the same cliff-side, XVI is seen in place. 
It is a chiastolitic, black slate (1,494), in every way like that of Forma- 
tion XIV. The total thickness of the layer is 18 feet. 

Further north again, the cliff is made up entirely of the quartzite 
XVII (1,493), which has essentially the same character as the rock of 
XV, though occasionally of a much finer grain. It forms the rest of 
the cliff all the way to station 258. 

AVITI, on Bad river, is a blank 460 fect in width. 


East of Bad river, On Tyler’s Fork, in the southwest quarter 
of the northeast quarter of Sec. 28, T. 45, R. 1 W., the alternating 
quartzites and black slates are finely exposed in the bed of the stream, 
with a total width of 435 feet, or thickness of 390 feet. The distance 
of these exposures from the magnetic belt of the Penokee Range, 
measured across the strike, seems to indicate that they include a por- 
tion, at least, of the blank numbered XVIIT in the Bad river section. 
At the head of the falls, which is 684 paces due west from the quarter- _ 
post on the east line of Sec. 28, layers of a dark gray, soft, aphanitic, 
thin-laminated slate (2,106), alternate with others of a more thickly 
bedded, dark-colored, very close-grained, but distinctly granular rock 
(2,107), and others, again, of a light gray, harder kind, also with a 
distinctly, though very finely granular texture (2,108). A thin section 
of the last-named rock shows that it is largely made up of angular 
quartz grains, with a smaller number of orthoclase grains, imbedded in 
a cloudy and ochre-stained matrix, which is apparently composed of 
the same materials. Sixty paces further down the stream the appear- 
ances are similar, except that the lighter colored kind is wanting. 
Forty paces further, at the main falls, a light gray, distinctly quartzose 
and thin-laminated slate (2,103) alternates with layers six inches to one 
foot in thickness, of a dark gray, granular-textured rock (2,104), the 
thin section of which, under the microscope, presents an appearance 
similar to that of 2,108, except that the matrix is now thickly dotted 
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with a blackish material that is not magnetite. At the extreme north- 
ern end of the exposures a similar alternation is noted. The thin-lam- 
inated and more highly slaty layers are here jet-black and aphanitie, 
while the granular rock of the heavier layers is coarser than any yet 
noted. Under the microscope, the latter presents almost exactly the 
same appearance as the quartz-schists (1,496) of XV of the Bad 
river section. The individual quartz grains run from 0.18 mm. to 
0.54 mm. in length. With them are also some equally large, cloudy 
orthoclase grains, and a few of plagioclase, the clastic nature of the 
rock being very pronounced. 


Formation XIX. Greenstone-Schist. 


This important layer is known only in the vicinity of Bad river, 
where it has an apparent width of 290 fect. The rock is exceedingly 
close-grained, aphanitic, dark gray to nearly black, and massive to thin- 
schistose. The thin sections, beneath the microscope, eppear to be 
chiefly made up of chlorite altered from hornblende, and an alteration 
product of plagioclase, with pyrite and magnetite as accessories, the 
former being frequently visible macroscopically. 

The exposures of this Jayer in the vicinity of Bad river are very 
large, presenting themselves in the shape of a narrow ridge 150 to 170 
feet in height and several hundred paces in width, rising precipitously 
from the low ground around. The eastern end of this bluff lies a few 
paces west of the west line of Sec. 11, T. 44, R. 3 W., between stations 
55 and 251 of Atlas Plate XXIII. The rock seen here (1,442, 1,443, 
1,483 to 1,487) is essentially uniform, the variations being only slight 
ones, in the fineness of grain and in the thickness of the schist layers, 
which run from massive ones, many feet in thickness, to those that are 
qnite thinly slaty. The mineral composition of the rock is given in 
detail in Appendix B, the main ingredients having already been men- 
tioned. Much of the iron sulphide is strongly attracted by the magnet, 
and is therefore pyrrhotite, instead of pyrite. 


Formation XX. 


Immediately north of XIX, in the vicinity of Bad river, we find a 
wide blank. Part of this blank is filled by exposures of mica-schist 
(XXI) in the vicinity of English lake, but there remains an unfilled 
gap of about 525 paces, to which the number XX is given. It is 
not improbable, however, that we have here merely a continuation 
downwards of the mica-schist of ACXT. 
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Formation XXII. Mica-Schist, with Intrusive Granite. 


This formation is best known from the numerous and often large 
exposures in the northern sections of T. 44, R. 3 W., from English 
lake to Bad river. West of English lake its stratigraphical position 
is found to be occupied by the coarse gabbro which forms the base 
of the overlying Keweenaw series. East of Bad river, however, this 
member is evidently continuous for the greater part of the length of 
the Huronian belt, but as yet is known here only from somewhat seat- 
tered, and, with a few exceptions, sinall exposures. 


On Bad river. The exposures of these layers are not large in the im- 
mediate vicinity of Bad river. The ledges seen, however, are of interest 
as occurring in the immediate vicinity of others of the coarse gabbro of 
the overlying Keweenaw series. These exposures are on the west side 
of the railroad, in the northwest quarter of the northeast quarter of Sec. 
6, T. 44, R. 2 W. (Nos. 18, 19, 20, Atlas Plate XXIV). The rock seen 
here (2,039), with a width of some 50 feet, is very fine-grained, grayish 
and quartzose, with very fine mica flakes macroscopically visible, some 
reaching as much as one-fourth of an inch in length. Under the micro- 
scope, the ground-mass is seen to consist of very fine quartz, through 
which are scattered numerous minute, greenish, chlorite-like flakes and 
large blades of biotite, 18 mm. to 9 mm. in length. Nearly all of 
these are vertical sections, showing the cleavage very beautifully. The 
appearance under the microscope of a thin section of this rock is shown 
in Fig. 3, Plate XV C, magnified 53 diameters, the lower nicol only at- 
tached to the microscope. One biotite blade is figured in the section 
in three positions, showing the dichroism. 


West of Bad river. In the sections immediately west of Bad river, 
as far as English lake, ledges of mica-schist are frequent, occurring 
for the most part on the south slope of the ridge next north of the 
Penokee Range. Taken altogether, these exposures acquaint us 
with nearly the whole thickness existing here of this portion of the 
series. The lowest layers seen are those exposed on the south shore of 
English lake, on the northwest quarter of Sec. 9, T. 44, R. 3 W., less 
than 100 paces from the section line, where is a ledge 50 feet long 
and 15 feet high. The rock seen here (73) is fine-grained to aphanitic 
and dark grayish-black, with rather distinct lamination, and sp. gr. 2.53. 
Under the microscope, the thin section shows a white ground-mass 
composed almost wholly of quartz, through which are scattered numer- 
ous minute flakes of biotite. The pulverized rock yields no magnetite. 
On the north shore of the lake the same rock (74) is seen on the south- 
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west quarter of Sec. 4, 100 feet east of the section line, and again 
further west along the lake shore (77, 78, 79), a few rods east of 
the outlet of the Jake. Other exposures are seen for some 500 paces 
north of the lake, on the west line of Sec. 4. Allof these places show 
essentially the same rock (75; sp. gr., 2.96). The ledge mentioned as 
near the outlet of the lake is some 200 feet in length, showing about 40 
feet in thickness of very distinct layers, running from one-eighth of an 
inch to twenty-three inches in width. The strike is N. 65° E., and the 
dip 74° N. Under the microscope, a thin section of this rock shows 
that it is the same as that from the south shore of the lake, but much 
coarser; the mica-flakes and blades often much shattered, running from 
0.04 mm. to 0.14 mm. in length. These mica particles present two 
general colors, a very light yellowish-gray characterizing those in 
which the basal cleavage is apparent, while those lying in the plane of 
the section are from a ycllowish-brown to a reddish-brown, the latter 
color being the result of an ochreous decomposition. Scattered 
through the quartz ground-mass are also black particles, both of mag- 
netite and hematite, the latter often 0.38 mm. in diameter and of 
hexagonal shape. The appearance of the thin section of this rock 
magnified 53 diameters is shown on Fig. 1 of Plate XV C. 

From their position, it is evident that the exposures in the vicinity 
of English lake stretch over a large portion of the blank above XIX 
in the Bad river section. This will be best understood from an 
inspection of Plate XV B. 

Other large and continuous exposures of these mica-schists are seen 
on and near the west line of Sec. 2, T. 44, R. 3 W. Beginning 30 paces 
north and 50 east of the southwest corner of Sec. 2 2, we find, in the bed 
and on the sides of a small and rapid stream flowing southe ard, ex- 
posures extending northward for over 400 paces. The southernmost of 
these shows a very plainly-bedded, in places slaty rock (2,001), striking 
N. 65° to 70° E., which both macroscopically and microscopically is 
nearly identical with that seen on the south shore of English lake. A 
full description of a thin section of this rock will be found in Mr. 
Julien’s report. One hundred paces further north there is a change 
to a lighter colored kind (2,002; sp. gr., 2.69), the lighter color being 
due, as ; shown under the microscope, to the presence of numerous grains 
of quartz which are much larger in size than those of the matrix, 
reaching 0.28 mm.indiameter. At150 paces the rock (2,003; sp. gr., 
2.68) is darker again, and at 200 paces, quite light-colored and highly 
quartzose. J*urther north to 430 paces, the exposures are poor.: 

At 500 paces north from the southwest corner of Scc. 2, after passing 
an interval without exposures, we meet a light gray, highly micaceous 


Digitized by Google 


ROCKS OF THE HURONIAN AND KEWEENAW: SYSTEMS. 


2.2. BE MNTLAND, DLE 


R.D. Irving, 16/8, Tre Mewarece Lrrnnd&Ewrcr Co 
Fig.l. Mica Schest 78) Formation AVL north shore of English Lake. SE, S8¢c.5.7 44-BR.3 W,* 33. 
Fig.2Biottte Cranite 2009 cutting FornmuttionAXt, east line. SWS, Sec.3, 7. 44 BR.2 W, X15. 

Fig.3. Mica Schist (20389 Formauon AA, NE %, Stc6 T 44, R.2 W, showing dichroism of biotitex 53 

Fig. t. Showing relation of augue and hornblende tn Horndlende CGabbro: 2020) ,1west line NW.% S027 44. R.3 W, & SB. 
Fig. Another part of same section; * 53 

Fig6.Hornblende Gabbro 2022); west tine,N.W 4%, Sec. 2.7. 44, R29 WX 23. 


THE HURONIAN SYSTEM. 147 


rock (2,003; sp. gr., 2.62), which differs from the foregoing kinds in 
containing an abundance of macroscopically visible black and silvery 
mica, the latter much the coarser. Twenty-five paces further north we 
find a change to a very light-gray, highly quartzose. fine-grained kind 
(2,006; sp. gr., 2.65), in which are visible very close lamination-lines, 
marked by thickly crowded, fine, black mica scales, which are also dis- 
seminated throughout. The thin section of this rock, under the micro- 
scope, shows quartz greatly predominating, in grains from 0.09 to 0.18 
min. in diameter; orthoclase, cloudy and as large as the quartz, though 
less abundant; and biotite, in scales like those in the rock from English 
lake, but much more sparsely scattered, the blades having a general 
length of 0.22mm. This rock extends for 22 paces, when it gives place 
toa coarser kind (2,007), similar to that which preceded it (2,005). 
Only a few paces beyond this gives way again to a light-colored variety 
(2,008), as before. In contact with this, and penetrating it, we find a 
coarse, pink-white-and-black-mottled granite (2,009), containing pink 
orthoclase up to four-tenths of an inch in diameter; gray translucent 
quartz up to two-tenths inches; black lustrous biotite, abundant in fine 
flakes; and much rarer whitish plagioclase, up to one-tenth inch. The 
appearance of a thin section of this rock, magnified 15 diameters, is 
given in Fig. 2, Plate XV C. On the north side of this ledge, at 555 
paces north of the section corner, a fine-grained, dark gray mica-schist 
is seen, in which the fine, glistening, black biotite scales predominate 
over the other ingredients. The thin section shows that we have hére 
essentially the same rock as seen on the shore of English lake (78), and 
figured at Fig. 1, Plate XV C, the only difference being the much larger 
quantity of mica scales. Just beyond this rock is seen more of the 
light-gray highly quartzose kind described several times before. 

Following the section line northward, we pass a blank of 35 paces to 
a point 595 paces north of the corner. Here we find fine-grained, black 
mica-schist (2,015) glistening with the minute mica scales, and pene- 
trated by a large quantity of very coarse, porphyritic, pink granite (2,014). 
At 625 paces the fine-grained, black mica-schist (2,017, 2,018) is again 
seen. 

Further north on this line there are no ledges as far as 285 paces 
north of the west quarter-post of Sec. 2, where is an exposnre of horn- 
blende-gabbro of the Keweenawan series. 

Within Sec. 2 are a number of other outcrops of these members of the 
series, showing the essential continuity of the rock. Only a few of these 
were located with sufficient accuracy to be placed on the map. 

About 100 paces north and 500 east of the southwest corner of Sec. 
2, are exposures of blackish mica-schist (1,488). Another large expos- 
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ure 350 paces north and 550 east of the same point shows a coarser kind 
(1,490, 1,491, 1,492), which has evidently been shifted southward by the 
fault. The rock seen here is plainly laminated and even gneiss-like. Fine 
glistening black mica, weathering brown, is very abundant, and readily 
seen macroscopically. The lighter bands contain quartz and feldspar. 
In one place a narrow band of diorite was noted, possibly a dike. 


East of Bad river. A number of exposures of the layers of this 
formation have been observed extending all the way to the Michigan 
line. These outcrops are for the most part, however, distant from each 
other. 

On the north line of Sec. 5, T. 44, R. 2 W., about 500 paces west of 
the northeast corner, is a steep bluff facing north and west towards the 
valley of a small branch of Bad river. The top of this bluff, for sev- 
eral hundred paces, shows nearly continuous rock exposures, in some 
eases with a height of as much as 25 feet. South of the section line 
the face of the hill curves more and more to the west, and finally to a 
southeasterly direction (Atlas Plate XXIV). On the section line, and 
for about 50 paces southwest along the face of the hill, the rock in 
sight is a rather fine-grained, dark-gray gabbro, as described on a sub- 
sequent page. Beyond this point southward it is a dark-colored to 
nearly black, very fine-grained mica-schist (3,172) sparkling with minute 
mica facets, and resembling closely much of the rock seen on the west 
line of Sec. 2, T. 44, R. 3 W. Under the microscope we have the usual 
background of quartz and orthoclase, sparsely scattered through which 
are elongated, highly dichroitie mica blades, reaching 0.18 mm. in 
length. Further south along the cliff gabbro again appears to come 
in, thus apparently penetrating the mica-schist in branches. 

Further east, in the southeastern part of T. 45, R. 2 W., the mica- 
schist belt widens considerably, and we meet here higher layers than 
those seen in the vicinity of Bad river. These upper layers, which are 
recognizable from here all the way to the Montreal river, are much less 
micaccous than the lower parts of the formation, often grading into a 
light gray quartz-schist, the thin section of which under the micro- 
scope shows an aggregation of angular quartz grains with less 
abundant ones of orthoclase, and displays often a great similarity to 
the thin section of the quartz-schists of Formations XV to XVIII. 

In T. 45, R. 2 W. these light gray rocks are exposed in the stream 
near the south quarter-post of Sec. 27, and again, feebly, in the stream 
on the south line of the southwest quarter of Sec. 26. In the former 
place there is a fall of the creek over this schist, which has here a width 
of some 20 paces, strikes N. 72° E., and dips at a high angle to the 
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northwerd. As seen here the rock (3,164, 3,165) is very fine-grained, 
light gray, porous-textured, and very distinetly and evenly bedded, often 
showing on close inspection even a fine lamination. Under the micro- 
scope the thin section appears made almost wholly of minute angular 
quartz and orthoclase grains, and rare particles of chlorite and mica. 
The rock exposed in the stream on the south line of See. 26 is precise- 
ly similar in its characters. 

The lower layers of XAT are again in sight in the bed of Ty- 
ler’s Fork, on the south line of Sec. 21, T. 45, 1. 1 W. The exposures 
are not large, but indicate in all a width of not less than 150 paces. 
The northernmost observed are 50 paces north of the section line. The 
rock (2,097, 2,098, 2,099) is a black, aphanitic, conchoidal. fracturing 
slate. 

Other exposures of AXT are known in the northeast quarter of See. 13, 
T. 45, R. 1 W., where the rock is a dark gray to black aphanitic slate 
belonging to the middle or the lower portion of the formation; in the 
bed of Potato river, on the east line of the southeast quarter of Sec. 
12 of the same township, where the rock is a fine-grained, very dark 
gray quartz-schist, the thin section of which bears a close resemblance 
to that of the quartz-schist of XV on Bad river; near the southeast 
corner of Sec. 6, T. 45, KR. 1 E., where are large exposures of an 
aphanitic, dark to light gray, slaty, quartzose mica-schist, belonging very 
near the top of the formation; in the northern part of See. 3, T. 45, 
R. 1 E., and southern part of Sec. 34, T. 46, R. 1 E., where the rock is 
very much the same, and at the same horizon as the last point named; 
in the west part of Sec. 36, T. 46, It. 1 E., where black slates and light 
gray quartz-schists are associated together; in about the southeast 
quarter of Sec. 25, T. 46, R. 1 E., where the rock is dark gray, aphanitic, 
slaty, and highly pyritiferous, and, as shown under the microscope, 
largely composed of angular quartz and orthoclase grains from .045 
mm. to .18 mm. in diameter; in the southwest quarter of Sec. 30, T. 
46, I. 2 E., where the same rock is seen; and in the vicinity of the Lac 
Flambean trail, northwest quarter of Sec. 29, T. 46, R. 2 E., where the 
rock is exactly the same quartzose kind; all of the four last named 
exposures being in the upper part of the formation. A fine-grained, 
red, feldspathic quartzite exposed in the immediate vicinity of large 
ledges of diabase-amygdaloid of the Keweenaw series near the Mon- 
treal river, and in the extreme northeast corner of Sec. 14, T. 46, 
Rt. 2 E., belongs also to the uppermost beds of this formation. 
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THE PENOKEE FAULT. 


This interesting break has been alluded to in the foregoing pages 
a number of times, but no particular account of it has yet been 
given. The main facts which determine its existence and exact 
position are therefore briefly stated here, further details being 
supplied by the large-scale map of the vicinity of Penokee Gap, Atlas 
Plate XXIII. Fora clear understanding of what follows, this map 
mist constantly be consulted. It may be said here that the disloca- 
tion, though so absolutely determined by the facts in hand, is by no 
means readily perceived on the ground, the heavy forests that every- 
where clothe the surface of the country making it impossible to form 
any correct idea of the relative positions of ledges, except by actual 
measurement. The recent clearing and excavation along the line of 
the Wisconsin Central have now somewhat lessened these difficulties. 

Referring to Atlas Plate XXIII, we note the principal facts that 
determine the fault, beginning at the southern side of the Huronian. 

Following the north-85°-east strike-lines of the large surfaces of 
slate (III) seen on the flanks of the hill near stations 143, 144, etc., 
eastward, we come, after crossing a blank space less than 200 paces in 
width, upon cliffs of banded magnetitic quartz-schist rising from the 
east bank of Bad river. The northern end of these does not reach as 
far north as the northern border of the slate, while to the southward 
the exposures of magnetitic rock extend, not only entirely beyond the 
slate in that direction, but also across the courses of the limestone (I) 
and quartzite (II), and of the Laurentian gneiss, as scen on the river and 
in the railway cutting near station 122. That these magnetitiec schists 
are the same as those found north of the siliceous slate (III), on the 
west side of Bad river, is proven by (1) the existence of the same sub- 
divisions in both; (2) the occurrence of exposures of siliceous slate south 
uf the eastern magnetitic schists; (3) the direct continuity of the mag- 
netitic schists on both sides of the fault with the single magnetic belt 
of the Penokee Range, beneath which is always found the same sili- 
ceous slate; and (4) by magnetic observations. By noting the arrows 
on the map and sections of Plate XXIII, and on the other detail-maps 
of the Huronian, it will be observed that the greatest deviations of the 
needle from the normal direction occur always just on the northern 
edge of the magnetic belt, the whole body of the attracting mass 
exerting its influence in one direction. The arrows of the east and 
west row that follow the northern edge of the magnetic belt, west of 
the fault line, suddenly recover from their abnormal directions east of 
that line. Moreover, in order to find a row of south-pointing arrows 
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east of the fault line, we must move southward 300 paces, or to the 
northern edge of the magnetitic schists east of Dad river. 

Continuing our references to Plate XXIII, we note, east of the fault 
line, on the bank immediately above station 150, and close to the rail- 
road track, large ledges of black slate (V). These extend south to 
contact with the underlying magnetic belt, a thin layer of aphanitic 
garnetiferous actinolite-schist marking the junction. Following the 
north-of-west strike-lines of the slate westward, we encounter, in a 
distance of only 100 paces, faces of the banded magnetitie rock of IV, 
rising from the west bank of Bad river, while 300 paces further west, 
other larger ledges of IV extend entirely across the apparent position 
of the black slate. Scarching now for the black slate west of the fault 
in its true position north of the magnetic belt, we fail to find it ex- 
posed, but the peculiar garnetiferous rock that marks its base is seen 
in a continuous ledge for several hundred paces eastward from station 
32. The occurrence of such a narrow and peculiar layer serves to fix 
very exactly the amount of dislocation. 

While the facts thus far given serve to demonstrate the existence of 
a fault, and to determine the amount of displacement, they do not fix 
the position of the fault line, the width of the open space between the 
ledges on either side of the break leaving it possible for this line to 
trend in any direction from due north to 25° west of north. As far as 
the lower layers of the series are concerned, this is a matter of no im- 
portance; but farther north, nnless the course of the break is quite 
closely known, it becomes doubtful as to the side of the fanlt on which 
several important exposures belong, and an uncertainty as to the true 
succession of layers is thus introduced. Fortunately, however, the ex- 
posures in the vicinity of the falls of Bad river, in the southwest quarter 
of Sec. 11, serve to fix the exact position of a part of the northern 
extension of the line, and so to determine its whole course closely 
enough. The ledges referred to are seen near stations 214, 215, etc., of 
Plate XXIII, in the bed of Bad river, on the sides of the railway cut- 
ting just east, and in the excavations between. The rocks seen here 
have already been described in detail on pages 159 to 140. That in the 
river is a massive diorite, while the cutting and excavations east of it show 
a black aphanitic mica slate. The fault line beyond doubt passes be- 
tween the two, since the diorite lies directly across the course of the 
slate. To determine more exactly the relative positions of these ex- 
posures, a series of transit and chain measurements was made by Mr. 
Thomas Barden, of Ashland, under my instructions. These served to 
confirm entirely the rougher measurements I had made with hand 
compass and pacing. The abnormal northwest direction of the slate 
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layers in the cutting, and the remarkable display of dislocation just 
west, are evidently connected with the proximity of the fault line. 

The southern part of the break, as placed on the map, is made to 
pass up the ravine near station 135, because the high rounded hill to 
the west appears to be made up of the Laurentian gneiss and granite. 

To the northward, the fault evidently extends quite across the 
HWuronian series, but, on account of the great thickness of the upper 
mica-schist members, and the great distance between exposures, it 
would be impossible to determine here the amount of dislocation. 

An inspection of the map of Plate AXITI will bring out the inter- 
esting fact that, near to the line of displacement, the strike directions 
of the several layers are abnormal, there being a curve northward to- 
wards the line on both sides, but much more marked on the east. This 
may be explained, on the supposition that the fault is a vertical one, 
by the warped condition of the several strata, before faulting. Regard- 
ing the displacement as a horizontal one, the pressure coming from the 
south, the bending of the strike lines may be looked upon as due to 
the rubbing of the sides of the fault. 

It is quite impossible to determine whether the displacement is ver- 
tical or horizontal. The former kind is the common one, the horizon- 
tal displacement in such cases being apparent only, and resulting from 
the inclined position of the strata. Looking at it in this light, the 
“down-throw”’ is on the east side, and the total amount of vertical 
descent over 1,700 feet, as figured from the apparent horizontal dis- 
location and dip angle. It is evident that this is a point of practical 
importance, since if this explanation is the correct one, the exposures 
of magnetic rock on the east of the fault line tell us what we would find 
on the west side of the break, after sinking about 1,900 feet in the direc- 
tion of the dip. The cause for a horizontal displacement could readily 
be found in the tangential pressure inward of the sides of the Lake Su- 
perior trough, but how a limited horizontal shove could take place 
against an unyielding mass of rock it is difficult to perceive. 


ECONOMIC GEOLOGY OF THE HURONIAN SERIES.} 


The only materials occurring in this series of probable economic im- 
portance are the iron ores. All experience in the regions bordering the 
southern side of Lake Superior has shown that the iron ores, which here 
often reach a quite extraordinary development in richness and purity, 


1In Vol. I of this series of reports, the writer gives a general practical discussion of 
the principles of which a knowledge is essential to the iron explorer, more especially 
with reference to the Huronian formation of the Lake Superior country. ‘These points 
are therefore not here treated of. 
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are entirely restricted to the IIuronian, none at all occurring in the 
Laurentian or Keweenawan systems, or in the horizontal Lower Siln- 
rian sandstones. This fact being recognized, it will at once be seen 
that the accurate tracing of the boundaries of the ITuronian area be- 
comes a matter of great practical importance. This has been done with 
eare, and the results given on the accompanying maps, s0 that the pos- 
sible iron-bearing ground is definitely known. ALoreover, the strati- 
graphy of the series having been Jargely worked out, the ground that 
is possibly iron-bearing is restricted within still narrower limits. In 
the famous Marquette region of Michigan it has thus far been the ex- 
perience that all workable deposits of ores of iron have been found in 
connection with one particular member of the series, while below there 
are several beds holding leaner ores, or magnetitic and specular schists, 
It is shown on a subsequent page that there is at least a remarkable siin- 
ilarity between the succession of layers in the Penokee series and that of 
the Marquette; and, moreover, that the equivalents of the several lower 
layers of lean ore as known in Michigan are to be found in the “ mag- 
netic belt,” IV of the Penokee system. It is also shown that the ap- 
proximate equivalent of the rich ore belt of the Marquette series is to 
be found in VI of the Penvkee series, which has a width of over 900 
feet, and is for the most part a drift-covered blank, without exposures, 
no ore as yet being known to exist within its limits. The subject 
resolves itself at once then into two divisions, (1) the value of the iron 
ores of the magnetic belt, and (2) the question of the probable exist- 
ence of ores in a higher portion of the series. 

The Magnetic Belt. The existence of the magnetic belt of the IIu- 
ronian of north Wisconsin was first noted in 1848 by Dr. Randall, one 
of the corps of geologists under Dr. D. D. Owen, whilst following the 
Fourth Principal Meridian northward. The next season Col. Charles 
Whittlesey, also one of Dr. Owen’s assistants, traced the magnetic belt 
from the point found by Dr. Randall, westward to the vicinity of English 
Jake! In Dr. Owen’s final report are given the results of Col. Whittlesey’s 
explorations, covering several pag2s. No analyses were made, except one 
or two of picked specimens, which, of course, showed a high percentage 
of iron, though even one of these yielded over 20 per cent. of silica. Col. 
Whittlesey’s opinion appears to be summed up in the statement that 
bruising and stamping is “a process which all must undergo in order to 
be profitably worked in the furges.”? Soon after the publication of 
Dr. Owen’s report, quite an excitement was raised with regard to iron 
in the Lake Superior country, and nearly every quarter-section along 


1 Owen's ‘‘ Geological Survey of Wisconsin, Iowa and Minnesota,"’ p. 444. 
*Ibid., p. 447. 
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the Penokce Range had erected on it a preémptor’s cabin.' No actual 
mining, however, was attempted, and the locations were soon abandoned. 
In 1860, Col. Whittlesey made a second survey of the region, on part 
of the state of Wisconsin, but his report was never published. Some 
of the results of his later surveys are, however, briefly given in several 
reports to mining companies, and other pamphilets. He appears to 
have thought well of the qualities of the ores, although recognizing 
their siliceous character, and to have recommended to several companies 
the opening of mines, and the erection of iron works.2 No analyses are 
referred to in these later reports, other than those of Dr. Owen — made, 
as already said, on picked specimens. 

In 1858 Dr. I. A. Lapham examined the magnetic belt of the Peno- 
kee Range from Tyler’s Fork to the end of the ridge in See. 24, T. 44, 
R. 4 W., on behalf of a Milwaukee iron company, to whom he made a 
report which was afterwards published. The opinion he formed of the 
ore belt is given in the following words:* “It will be seen that we have 
already discovered good ore in such quantities as to be practically in- 
exhaustible, situated at points accessible to water-power and having 
bold fronts, rendering it comparatively easy to be quarried. For many 
years to come only the richest and most accessible ores can be brought 
into use, rejecting, at least for the present, all such as have too large a 
proportion of silica, and as are not in a condition to be easily and 
cheaply removed from the natural bed.” Dr. Lapham does not refer to 
any new analyses. 

In order to form as nearly correct an opinion as possible from the 
facts in hand, it is necessary to remember, first of all, that, to be work- 
able, these hard or siliceous ores, the only kind likely to be found in 
connection with the magnetic belt, except, perhaps, at its eastern end, 
must occur in a deposit a number of feet in thickness, containing as a 
whole not less than 50 per cent. of metallic iron; while for a first 
class ore, the iron content must be over 60 per cent. These figures are 
determined partly by the nature of the ore—a quartzose mixture always 
raising the percentage at which an iron ore may be profitably treated — 
but also largely by the great abundance of the richer ores in the neigh- 
boring portions of Michigan. The large amount of these richer ores 
occurring in the Marquette and Menomonee districts renders un- 
merchantable the much greater quantities of the leaner ores existing 
in the same regions. 


1The Penokee Iron Range, by Charles Whittlesey. Proc. Boston Soc. Nat. Hist., Vol. 
IV, July 1863. 

* Report to the Magnetic Iron Company, Cleveland, Ohio, 1872. 

>The Penokee Iron Range, Milwaukee, 1859. 
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In order conclusively to prove the percentaye of iron in the outcrop- 
ping ores of the Penokee Range, during the field work of 1573, a very 
carefully selected series of samples for analysis was obtained from 
every outcrop visited. This was, indeed, quite unnecessary to one ex- 
perienced in the recognition of iron ores, but was resorted to in obe- 
dience to instructions, and also that the conclusions reached might be 
based on something more than expert opinion. The samples for 
these analyses were never single specimens, but were obtained by 
breaking small fragments from all across the faces of exposures. 
From these, after breaking and thoroughly mixing on the ground, 
smaller samples of about a pound or so in weight were selected. 
These were still farther pulverized and mixed in the laboratory, 
before analyzing. As a rule, those outcrops, in which the rock ad- 
mixture was more than usually great, were not sampled, so that the 
analyses may be taken as representing the very best of the outcropping 
ores. Some of these analyses have already been given in connection 
with the detailed description of the magnetic belt, but all are grouped 
together here fur convenience of reference. With each analysis is men- 
tioned the exact location of the ledge from which the sample was taken, 
and the number of feet in thickness represented, the thickness being 
of course measured at richt angles to the bedding. In the pages de- 
scribing the magnetic belt, each of the ledges represented by the analy- 
ses, as also a number of others, will be found described in detail. 
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TasLE I—AT PENOKEE GAP. 


Metallic iron...ceseseee ok 14.941 17.103; 49.4036.693) 44.03)15.871'41.465/19. 203 
Phosphorus ...ccsceecccececes none.|.....- none.| trace.| trace.| 0.009]......J...... 
Sesquioxide of iron.......---- 42 BOT 15. 55]... eee 34.770)....../48 88549. 157]...... 
Protoxide of iron.........---. 19.173) 7.80L'...... LaRosa as 19.479 D.U0T0).....- 
SiliCis sided aise wenteeneures LB lew oe 27.03.42. 896] 84.0630. 734]... feces 
ALG rei 11S a Acged Giada sreaniede ats OSaRtasaawltedas none.|...... NONCs | cawea closes 
Li ussecisian maiko eee oe 1. 373 Rgsanbdd edemia Sie Toone sates OO weasel nae ane 
Magnesia ...ecccccacssececes ee ree ae re 22D earareres 1.6321. .06..]. 
Manganese oxide ..+.-eeeee. Lal Gleakten hae tes Ti 26 ates OBA ne aeeal wastess 
Phosphoric acid. ..-.+..ee+e6- none.]...... none.| trace.! trace.| 0.021]......]..06- 
Sulpluraiws esas sod satntwan ay HON Gs lesa swe leone trace.|...... NONE Siwdaclares se 
W lek cc caawetu tectuceeees edi Sleae yea teces 0.471)...... 0.5451...... 


—eeeeeees | eee | ee | ee eee | oes | eee | Qe 


OS AG! cc asacieerees 99.730 


ees | ee | 
me 


Totals.ccs-ae as Se eee canes 


Magnetic oxide .......eeeeees 50. 668 MI B00 eases DUO dates 62. 754)29 925)... 02 
Specular oxide. ....-..eeeeees 11 .402| none.|...... none. 
i 


Sara 0.610/29.002'. Sanapars 
OLAS ss ss enw adea awed ‘ain Gana err gee veined 63.365 38.227 ieee 


Nores.— All of the above taken from the “west bluff’ at Penokee Gap, northwest qnarter Sec. 
14, T. 44, R13 W. See description elsewhere. 1 represents thickness of 19 fect; 2, 7 feet, 6 inches; 
3, 18 feet; 4, 10 feet; 5, do lect; 6, same,a little higher up; 7, 44g fect in 5; 8, one foot. 


TABLE If. — AT PENOKEE GAP. 


9. 10. 11. | 12, 13. 14, 
Metallic iron ......eceeceeees 43.292 | 62.91 | 57.5290 | 18.801 | 51.873 | 68.042 
Protoxide of iron...seeseeeee-}| 16.598 |. .cene. oer sea aiiecg ita / teanaeietee- acwrets si 
Sesquioxide of iron. ..-+++e+.| 43.402 |. .seee, DAOC) \eereievediaca| Can Geral Sire at axs 
Silica ..... w Iolo a din ee moan iais Sies hee ee ets eaacue e210 estes ac8ol ce ans eal ile cxeas 
Insoluble siliceous matter .....] 40.693 }..... i eee meen ee ene er ee 
Alumina. eeceeessen eee eres eeslesocevesisnveceses NONE. feceeeae eee eevee 
Lime. ..cee eeererereseeseeeesion Oe 2. 043 eoveses PPeeseleseeesve 
Magnesia ...+s ay alate orbs eres s | cart oie avers | weuateel “OCGO0 lass caawrdlododeseels Seacaan 
Manganese Oxide. ccceccceccsslececccee|-ssesees (025 lwensvaceloeeee esl sdtietacs 
Phosphoric acid......++-. eee a | Aeveecariere la tadeaness trace. Pe eee ere 
Sulphur ..... bale Ceee dee eases Sonatas wae Seek TACO le seed ool oe Sas ee eaes 
W AtEr ec wad ateih are eae eco ees S cl ta cued e eels | IOC 282 dese toe aca holo Seeegoas 
Totala wiceiucctcatesueses 100-093: |sasieceen LOO 23" |2eGin nek lese heel ees aetiee 


Magnetic oxide ...ceesee coos! OD-482 | cceeses| 19.273 |ccsccselecccecec|scseves 
Specular Oxide .-.ceeceseeces+| G.0183 [..--eee 0.14 enceveeels< soceceleccesces 


Totals .iceccseccecceceeel 60.000 |osee.eeel 79.427 


Sa PSP SE EE A A NL ET SREY 

Notes. —9, “Banded Ore,” 7 feet: 10, layer of magnetite in 9 2 inches; 12, rock between seams 
of magnetite in 9; 11, granular magnetite, 10 inch seam, richest portion; 13, same, average of 
whole 10 inches; M, scam of magnetite in banded ore. 
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Tan.e IIT.— WEST OF PENOKEE GAP. 
Northeast Quarter of See, 15, T. 44, R. 3 W. 


18 19 20 re | ee) 22?) 23 


| 
Metallic iron... .} 2.0330) 11.29) 41.1920 806.30. 13238. 400 45.074 36.98, 06.8044. 44 


Sesquioxide of|......|.. ae ines an ae ae ee ae paerauclaasace ; 
ITON «cecccees 

Protoxide of iron!......|...... 8.460 13.345 13.341 15.896) 4.719). ee cece co eeclecees 

Silica. ...eeeeee Se er rarer ess 2 meres esac nie eras arene ad! Boek eee eee 


LIMO occ esces eeeeeclseceons + ao Pe eee Cweeesieeeeee(eoeceeecsieesoecel|se oe selereen 
Magnesia ...... Jrrtteefeeeee: DAU rdcoaealeodesel ea eae leatenesl ee petals, waend lad Sexe 
Mangranese oxide!...... 

Phosphorie acidsicesdesle cases! NONE escess eaG-esal cae wealsew asd] }aw so uloweees la: 6a 
Sulphur........ vslewwdl aetna NONE Mes sina.s 066 eos boars Sy dl own cee oo aie wena we eos 
Willer etude wGelovenvcliaoxenl LeoUOlece eels er rere er re 2209) see 


se@eeee 5 Tied oes dlec es xs *e@eeseeelese P@eslfeeeeeretTeo OSOveoefo ® Oe 


OT 26d iO caus OL 4 BOO lo 2ODiwwace lneeweclonsa% 
30.635] none. |...... | 1.885.43.661)... Pee bet ee ceemetg? 


Totals .....|.....- sree eae a Aaa 58 1OUH63. 866). rtacliad 


Magnetic oxide.|......eceee. 
Specular oxide. .}...6..[. e008. | 


1Ward portion. 3Soft portion. 

Note. — Nos. 15 to 21 from exploring trench, northeast quarter Sec. 15, T. 44, R. 3 W., 15, repre, 
ecnts 1H feet 4inehes; 16,5 feet: 17, dl inches; 18 Sinches; 19, 40 inches; 20, Winches; 21, 3 feet- 
Nos. 22 and 23 from Penokee Mine, northeast quarter, Sec. 15; 22. selected samples of s00 pounds, 
a soft portion very highly manganiferous; 23, sampled by E. T. Sweet in 1875 from whole stock 
pile. 


TaBLE IV.— WEST OF PENOKEE GAP. 
On the Penokee Iron Range. 


24. 25. 26. a7. 


A ES | ee Se 


Metallic: 3800 35-465 6.s500eiewsssteneeceaa<)- 49.700 37.751 43.120 38.752 


eese-e@#eoeoeeveef[eseBervrevee 


Protoxidé OF 10s sietses seneseeteoesseciiew eceeesp To. Tb7 
ilica Coe eee Oe ew eres eeeeereeaseeee Seriseeereeere 39.532 ee eee eee Oeleeeerece 
TAME... cccccccccccrcrcccevoccecseessesissecseeons 1.516 
Magnesia ...... UaeeeG Soy AWS ee CEN Se SCs eROeeseeeeh, “2.016 
Manganese Ox106 < inxcses cesses ctaicet lie ww eateas 3.120 
Phosphone acilussccsees socks wapeesioe|seceewesac|: tice, 
SUIDNUPsss40'c seeectaseesverscarestoesslsSeuscaece| “O-AZ1 


W Bter eeiicid 2i Se oekoc tas bemasadses e@eoven 8 ee 0.543 


Sesquioxide of iron. secesccccsecceces sise's] Sesaieaaeeel, OOetIt ce eects 


TOA nbs estos Caged ee beeee eee cles seca ses | 99.939 |. veeesseee se hiaoets 


Magnetic oxide. ...cccosccesscccccccscncles semeema|: “OOLROE letwinseeesiiasee can 
Specular Oxide ss «ssesescccsesccw de. e0eelee sec sees \., “DOr t- Vesetewneesoaweeect 
Total weviccspawtatetieweccamane enlaces O21Gl \aeessasee heomee 


ter ot Sec. 17. T. 44, R. 3 W., slaty ore,”’ 40 feet. 26, same place, ‘* banded ore,” 75 feet. 27, Sec: 
18, T. 44, R. 3 W., near center of section, 3 feet. 
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TaBLE V.— WEST OF PENOKEE GAP. 
Town 44, Range 5 W. 


Metallic iron........ ivi SOE dee raiee cameras 41.994 45.00 26.642 


Sesquioxide of iron.......... bag guia eecuecavers 40.062 Rei me Saat sctataher 
Protoxide of iron. ..ecccecceeccoecees iets T7930. sasageaxeses ithe eeceteede 


TOA cteecs cuacwees sees 5G Sateard cn owe 57.992 


Magnetic oxide .......--.eeeeeeeee cease nq. 9092- | ew ee ewalthee tel eres caaes 
Specular oxide ...... weeweeeaes pore aera none. =e [aeons its eu earoinate eee toe 


PTiotal Amieienecs steeaccu teens Stale sutoee 87.992 


csee@eeeoeeveeeoeneeweojereseeeaevneve 


Nores. — 28, small exposnre in Sec. 14, T. 44, R. 8. W.. 8 feet. £9. northwest quarter Sec. 23, 
T. fe R. 5 W., ‘slaty ore,’’ 150 feet. 30, ‘slaty ore,’ northwest quarter Sec. 21, T. 44, R. 5 W. 
45 feet. 

TasLe VI.— EAST OF PENOKEE GAP. 


Beticeen Penokee Gap and Mt. Whittlesey. 


31. 32. 33. 34. 35. 36. 


dl 


Metallic iron ....ssecescesese-| 53.465 
Phosphorus eeeseseaesereseces 0.0585 


44.43 | 45.256 | 51.389 | 37.001 | 47.298 


ee@G@ereeeneesieaeene eeeeje eeseeeseovize @eeeelse eevee osve 


— NS 


Sesquioxide of iron........ o+.| 67.064 
Protoxide of iron...ceccscesees| 8.082 
Sili¢as.ce4.d0 Mexteevate isesenoel LOe472 
Insoluble siliceous matter...ceslececcees 
AIUMINGes.s) ov bccn ee eee ewciees| 0.805 
Lim? 23 lescede eden cece! 2.483 
Magnesiaj...-.sscccee socccess| 2.280 
Maganes oxide ....cseceee ee | 1.050 


aan | eomocrdl (2 210 ese eas beoseeet 
lessees] S474 | 27.020 | 47-500 | 30.653 


Phosphore: acid desccee tes cca | “OSIOT | wees vechin ceacucl se ceredhsactetelcasseess 
Sulphur. ........ esoee eeeorses TONE, Javcceces[eeevccvasies eore- cl evccce-levccrese 
Wilericctccwepias eee teceeses 0.450 e@eeceseGete se @eoevaes sie @ e@eeeeoeesveeeenvneoasieeoeoeeseanens 


Total iecsstee ste essceeees (100.613 


Magnetic oxide......eceeeeees| 27.008 |...0- cele eeeee erm ee ce seees 
Specular Oxide... ..ccrecce-oe-| 48.438 den seaee ers errr ere cree asa 
Total véessiceceees @eeeoenesees 75.446 eeeesenve eeeseeeeesicne ved ee eseeese eee e 


NovTES. — 31, northeast quarter Sec. 14, T. 44. R. 3 W., specular magnetite, 50 feet; 32, same ex- 
posure 40 rods west, 5 feet; 33, northeast quarter Sec. 13, T. 44, R.3 W., represents 40 inches in 
thickness; 34, same place, 5U feet higher in the hed. re: resents 5 feet in thickness; 35, northcast 
quarter Scc. 18, T. 44, RK. 2 W., long exposure in windfall, representa 10 feet in thickness ol best ore; 
3u, horthwest quarter Sec. 17, T. 44, lt. 2 W., represents 4 feet in thickness. 
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Tan.LeE VIT.—FEAST OF PENOKEE GAP. 


See ie a eS 


Metallic irom ......ccccecccccceree: 41.9447.245 12.99 47.245 47.29.37 RR). 64 


— ee 
) Se oe Cy 


Sesquioxide of iron ........ee0+ oe. BG eces sey ccl satel sae ANSE 
Protoxid@ of iron s4« o% seu eaeecewans |, POn (0 cvsawulecesecleseseelues ewe leila 
SiliCA ss cease eee ese ceeeeeeeeecee| BOLOUN ee sleceeeeleeeceele sees (UU.ITI..... 
Insoluble siliceous matter .....ccece cle cece DSAGE. cc ec closer eclesececleceesslecees 
Alinnini es seacs con cere ease tenaes|s 15029); saeetsekedlawacelasoial Lek oleae se 
NNO sec bts Decors SES eee weieeee sees 2 seesaw comes esesaloroues) Lsoialeases 
NIAGNCSIAre erence cues eedsene cegewes| elit wscce dl sweesaloeeeeel tetceea | Le OWMeeeas 
Maneanese @xt@ ss.ceccsccecewcces| OTS eceas|sceens|ooseenfesmees| O.D05l. cars 
PHOSpHOrG ACId . caniesecs wees Geese) UTACRs scene daesa sa sieeecle es ees| APACE oes 66 
DUNUL. oo eeevece ees eee aw wae oe: | OLIGO yeni ls ce ges] omer ssl sews esl) MONG.) swe 
Waller! aiiactderaseacimasescnats rs ee eee ee eee 2.DaG| veces 


Totals ....seeereeeeseesoe sees 100-541), ...4. iat tes selec aactas 99 .036]..... 


——— _—— 
ne mr ee re re | 


Magnetic oxide ....ccccccccccccsecs eeoeosvseeveevtiee se teaosieeo sc oaovpeisseeeeaes ee as ere 
SPCCULLP OXIUG s/s <o-0 sce wees ¥0-6e sheers ee als er erry errr erry 75) bol eee 


OLAS wu ce wows owtaueeee ce iceeleseetes 


NotTes.— 87, Southwest quarter Sec. 10, T. 44, R. 2 W., Gutzenberger’s trench, 58 feet; 38, north- 
weat quarter Sec. 11, T. 44, R. 2 W., 8 rods south of section line, in the bed of Carrie's creek — 
shows a thickness of 3 feet; 39, southwest quarter Sec. 1, T. 44, R. 2 W., represents thickness of 
15 feet; 42, slaty and banded ore, 25 feet below 39 —2W feet; 41, more ferruzinous seams in 42; 
40, one of the purest seams in 42; 43, southwest quarter Sec. 6, T. 44, R.1 W., represents 4 feet 


in thickness. 
Tab.Le VIII.— EAST OF PENOKEE GAP. 


47, | 48. | 49. | 50. | 5f/. 


7 


Metallic iron ....+...0-.06.] 37.22/25 33.449) 41.29) 35.14) 40.01) 32.85 


—_—_— | 


sesquioxide Of 1f0M. sss cs 0s|sieees cfeeescs| 65.919) 49.254) 00 cece ceescleesadslaneess 
Protoxide Of 110s ssi40s.eee lise oen|ewe ses) 204 Sell cwedslessanlacsandbeseue. 
SICA cs otdawe eeeeeno ean ea sede chas Yuce| Ac O04 es asa etlen69tslcaeeaaleeeeest 0200 
Insoluble siliceous matter ...} 46.75)54.630). cc ..celeeeeees[eceoes| 41.24 cc0..leeeee, 
ALUMINA 626s cen esse Ssveeeleesserlecs ee] NONE 2-009 ea0nslivesealesceess 2:00 
LAM paves euGedevew een senlacesaslseeecet Ts1COl “1.65 Tiscessaliacavelacweeet OCRO 
MAgnesifisseccsveceusiecsecisseveslcossss| none) L.586)icce.s|-sevcsfecess.] 0.76 
Manganese 0xi0@ 40% <eecs}eceeua foo cee} 05063) “O.19Slweec.|ocosssleaeasslesewss 
Phosphoric 801d s<<sescwecsslcedess|ocevecl NONE.) NONEG:|s0 sea sfesaees|sce vents saew. 
DULPHUP acca eee biecincwoiesswecebtaee: Gs] drace| OL199 sseveslox oreslaseeeslessses 
WER vs cowdbsseivaweaes eerie seetsleteesuns) MPACOlinwes Jee senlseessal! “1230 


Molalla’ s ooae cnei-vecovous see iene 100s WE LOU ABS ater | aca vans lean 


Magnetic OX iGO. sews cenieaces| oie alebcees| SOI 6oleen | oeewGls oo tes nese ueleeecee 
Specular Oxides seccscciccclinesecleussach MOO sueway least oowegeleaeweeleseeic 


TOtalS 24 see hcdioceiews ina we esas OS AON 06 sews deees Peeeeslsececesleveores 


Note. — 44, 500 fect west of gorge of Tyler’s Fork; represents 3 feet, rock and ore seams. 4), 
sontheast quarter of Sec. 32, T. 45, R 1 W.; represents 15 feet in thickness, including rock and ore 
seams. 46, same place, ore senms. 47, 300 feet east of 45, siliceous hematite, 15 inches. 4%, 
siliceous hematite, goige of Tyler's Fork, 20 Inches. 60, gorge of Tyler's Fork, 20 inches, slaty 
ore. 49, same place, north end, 6 feet. 51, analysis by J. L. Cussclls of sample of slaty ore from 
gorge of Tyler's Fork. 
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TaBLE IX.—EAST OF PENOKEE GAP. 
Between the Gorge of Tyler's Fork and the Potato River. 


52. 53. 54. 
MetalhG- FON iicc kas eek deew ss ues dul oewes ss 40.861 87.939 68.830 
Trsolable Pesilu@s 4 oi<5.04 hoes d dane coe ates es lagen Se eeees 44.661 1.349 


Notes. — 52, southeast quarter Sec. 24, T. 45. R. 1 W., slaty ore, 3 feet; 54, one of the richest 
scams in 33; 53, eXposures on the 4th Principal Meridian, Sec. 19, T. 45, R. 1 E., represents a thick- 
ness of W feet. 


TasLE X.— EAST OF PENOKEE GAP 
At the passage of the Potato River. 


o7. 58. 59. 


Metallic iron .ccecscccccccvecccocceee-| SO-141 | 38.434 


26.551 | 48.587 | 34.740 


Sesquioxide of iron ...cece vecvsscesess Be FOL lewd eawe ys 46.602 
Protoxide of iron ....... Lace Wekieesesal’ LOLOL Neda peee ) Re in ee eee 7.445 


ShiGihicis ob sale Se 5 0 ORO ROW Oe eee oes @e@e 


Aluminad..cecesoeses 


IME@ «-v-ccaerettesseveres 


Magnesia eo cceene COeeeeeoeeseceversees 
Manganese Oxide ....cceee ceccccseess 
Phosphoric acid er ee 
Sulphur eovece COeeeceecasreroeosscecorece 


Water. .cocsee. 


Total ..... sere ater hare awe wets aeie ee ates 


Magnetic oxide..... ean Guire ale acee re he 
Specular Oxid@..seseee covcccvccscccce|-« 


POtAIS iach ateaee 20s 


eoeoeveeoeaeoeoe ete 


@eseaeeoeunetesned eeeeoe 280 


oeeee etete ono B® eveeeseisoeteosvseeeaeireeeeeee 


op @eeveeeeieecevmereestoo @ pees eoetis vw eoenaneevwe 


eeeeeoeeeeeies @Beeeeetee eee eseels wm BR @ eve eo 


eeoeevoeeeeainwmeesvseeefoeo seo eoeeeejrenewveesvsaeoe 


s@e@eesvpeeete ewe evoeeels en wmevweeeoteoaeesveee 


eoe®e@feeteoeeeeetes eee eoesiseeaseeseeteo ses BS seee 8 eo 


eo e@eeee ef elie e@eoeseeeote ee ve © GO wefee eee ee eo 


Nores. — 55, represents 25 feet in thickness; 58, slaty ore layers, 6 fect; 57. ropresents silice- 
ous hematite afew inches; 58, magnetic layers game cxposures a8 59; 59, 2 inches. 


For the purpose of comparison is given the following, taken from 
the report on the iron-bearing rocks of the northern peninsula of 


Michigan, by T. B. Brooks: 
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Approximate General Summary of the Results of Numerous Analyses, E.chibiting the 
Average Composition of the Four Classea of Ore produced in the Marquette Region. 


Iii. IV 

Protoxide Of 1f0N.c 000 eccc awed uwee sass fe teccn es ee} 19.639 |..... Soil eae ox 
Sesquioxide Of iron. ..ccescccesee eeves| 9.520 67.761 TO. G0 70.980 
Oxide Of MANGANESE ...cceersccesseces trace, 0.1330 0.8) trace, 
AlUNUNNE.. coe ectcieiccees ee ere eee 1.390 2.170 1.536 2.010 
Lime ...eees ee er re ror eee gees 0.700 0.680 0.360 0.450 
Magnesia ..ccces 0 cvece eee 0.420 0.690 0.204 0.20) 
DAU PI wg ew ack Senin a eee Oe. wae aun yes 0.050 0.132 0.110 0.0330 
Phosphoric acid pigs tee reer yee eT ore 0.238 0.199 0.185 0.130 
SilGie:Acil sco cue se uw veew paale snows ce 3.892 7.328 14.035 25.120 
Water, combined..... en, eee Sc cegrSaasl ota enceckiaiers OI} Veeaeewie« es 
Water, uncombined....... SoG a aaa | Wares ew Gtha ae es Li lsQ leeeeie ass 
Water Ota sissies auieincea sane sacae oats 0.77 O:S1L lesveteesys 1.080 
Volatile matter..... Luter ate eras ae agnosie ica user eae ewe eres 12810  teasiais adc 

Totals «séaveaseeswns iacwa Gee eeaus 100.000 | 100.000 { 100.000 100.000 
Metalliciron ......- bb a ccisiy @uiaseie. sheteauen 62.915 62.930 5° 649 | 49.332 
Phosphorus....... Sei sienna ‘iaseseess| O-1 11 0.085 0.078 0.073 
Stl PHUPs o's ese + ccc eens euros Genes we 0.050 0.132 0.110 0.030 
Metallic manganese. De seeinhwes eee ars | trace. 0.091 0.560 trace 
Specific gravity ......6- ccceccecscoeese| 4.740 4.89 3.550 4.U90 


Nores. — Produced by the fo lowing mines: 
{. Red apecular ore. Barnum, Cleveland, Jackson, Lake Superior New York, Republic and 


Kloman mines. 
II. Black, Magnelicand Slate ores. Champion, Edwards, Michigan, Spurr and Washington 


miuves. 
III. Sofe Hematites. Foster, Lake Superior, Lake Angeline, Tayler, Macomber, New England, 


Shenauyy, 8. C. Smith and Winthrop miucs. 


From these tables of analyses, and the detailed descriptions of the 
magnetic belt given in previous pages, a few conclusions of importance 
may be drawn with regard to the outcropping ores of the Penokee 
Range. 

(1) The amount of ferruginous schist carrying over 30 per cent. 
of metallic iron is encrmous, there being in fact a band of rock as 
rich as this extending the entire length of the Penokee ridge, over 
40 miles, with a horizontal width of from 100 to 800 feet and an in- 
definite extension in depth, the only mineralogical constituents of these 
lean ores being quartz, magnetite, and specular hematite, with small 
quantities of tremolite or actinolite, and pyrolusite, while both phos- 
phons and sulphur are on the whole conspicuous by their absence. 

(2) As a general rule, the “slaty ores,” which are the same as the 
“flag-ores” of the Michigan reports, are no richer in iron than the 
“banded ” varieties, which are allied to the Michigan “mixed ores.” 

(3) A large amount of both slaty or flag, and banded, or mixed ore 
can be obtained, containing upwards of 40 per cent. of iron, while in 

Vou. I.— 11 
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a few places small thicknesses have been noticed verging in their iron 
content upon 50 per cent., the lowest limit at which ores of this class 
are at the present time merchantable. These richer kinds are nearly 
always those in which the specular oxide predominates over the mag- 
netic. 

(+) The streaks of ore, both magnetic and specular, or mixtures of the 
two, which, with a width of from an inch to one or two feet, seam the 
banded varieties, contain nearly always from 60 to 70 per cent. of iron; 
and, if mechanical separation could be made sufficiently cheap, and 
avoid breaking to too small a size, a large quantity of excellent ore 
could be obtained. 

(5) Manganese oxide is always a prominent constituent, being often 
perceptible in dull black seams. 

Such ores as these have never yet been put to any use in Michigan, 
where they occur in great abundance. Whether they will have a value 
in the future remains to be seen. 

These conclusions are, however, based upon the outcrops of hard 
ores, whose very existence as outcropping ledges in a ridge chiefly made 
up of them is sufficient proof as to their siliceous character. May 
there not be richer portions within the magnetic belt, a large part of 
which is without exposures? Very possibly; and for this very reason 
the exact course of the magnetic belt has been traced with care, by 
means of the deviation of the compass needle, and of the many outcrops, 
and mapped upon the accompanying Atlas Plates. It is quite within 
the possibilities that the ore-streaks of the banded kinds run together 
in places, producing workable deposits, or that the slaty varieties at 
times contain more iron than usual. Only direct exploration by trenches 
sunk across the bedding will ever throw any further light on this ques- 
tion. It may merely be added that no change in depth should ever be 
anticipated, the outcrop of a bed indicating sufficientty to us its nature 
in depth. Not only is this the result of all experience with such ores, 
but it is directly proven by the deep ravines in which the several 
branches of Bad river pass the Penokee Range, these being equivalent to 
shafts of the same depth, besides which, as already shown, the fault at 
Penokee Gap probably gives us a sight of the condition of the beds of 
the west cliff at that place, at a depth of 1,700 feet. 

Between the Potato and Gogogashugun rivers the magnetic attrac- 
tions along the course of the iron belt grow fainter, ceasing altogether 
as the Montreal river is neared. At the passage of the Gogogashugun, 
the lower 200 feet of IV is a quartzite without magnetic or specular 
iron, but holding thin, irregular seams of rich, very highly manganifer- 
ous soft hematite. "Whether this soft ore exists in sufficient abundance 
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in this portion of the Huronian, is also to be determined only by direct 
trench exploration. Such ores never outerop. 


Occurrence of iron ores above the magnetic belt. Tt is shown ona 
subsequent page that enough of a similarity exists between the strati- 
graphical arrangements of the Marquette and Penokce IIuronian systems 
to render it exceedingly probable that the blank space VI of the latter 
series corresponds to that member of the former in which all of the 
rich ores have thus far been found. This probability is certainly enough 
to promnpt land-owners on this belt, whose position is accurately indi- 
cated on the accompanying maps, to make explorations. Mr. Wright 
has found some magnetic attraction in the western portions of the blank 
VI, but my own observations on the more eastern portions have failed to 
develop any unusual attraction not to be attributed to the proximity of 
the main magnetic schists, IV. Still, this indicates only the absence 
of the magnetic ores. The specular ores, which are quite as likely to 
occur here, do not attract, and, when rich, on account of their inferior 
durability, rarely, if ever, outcrop. 


EQUIVALENCY OF THE PENOKEE AND MARQUETTE HURONIAN SYSTEMS. 


There seems to be little doubt that the Iluronian basin of Marquette 
was originally directly continuous with that in which the rocks of the 
Penokee region were deposited; indeed, there are no facts yet on record 
to prove that the rock systems are not at the present time directly con- 
nected, though at the surface the connection is obscured by the over. 
lying horizontal Silurian sandstone. Pumpelly and Brooks! have car- 
ried the Penokee belt uninterruptedly eastward as far as Lake Gogebic, 
where a deeply cut and ancient erosion, occupied now by the horizontal 
Silurian sandstone, terminates the range abruptly. From here to the 
westernmost known position of the Marquette Huronian is a distance 
of less than forty miles, occupied, as far as known, by the horizontal 
sandstone. There is thus every reason to believe in the actual con- 
tinuity of the two systems. 

In the Marquette Huronian, Major T. B. Brooks has made ont, with 
great care and skill, a succession of beds which he numbers from I to 
XIX. In XIII of his scheme are found all the rich ores of that famous 
district. The correlation of the several subdivisions of the Huronian 
now made out in the two regions becomes thus a matter of both practical 
and scientific interest. Of course the only guide is to be found in the 
lithological characters of the several layers. In synchronous formations 


1 Geological Survey of Michigan, Vol. I, p. 183. 
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occupying wholly distinct basins, any attempt to make out a scheme of 
equivalency based on lithological characters would be only wasted time. 
In the present case, however, there is every reason to believe in the 
continuity of the two districts, while in each certain grand stratigraphi- 
eal and lithological features are found to be quite constant throngh- 
out. It is nevertheless undoubtedly true that it is very easy to make 
many mistakes in such a scheme, owing to the dying ont of layers, and 
the variations, along the strike, in the same member of the series, 
which, if not originally present, may have been produced by the partial 
or complete process of metamorphism to whieh the whole Huronian 
series has been subjected. No scheme of equivalency can be regarded 
as having any value, except that which seizes on those few grand fea- 
tures of the stratigraphy that have been shown to be quite constant. 
The few prominent facts in this connection that have impressed them- 
selves upon me while studying over my field results, together with the 
reports and typical collection of the Michigan survey, are here given, 
all fuller treatment of the subject being left to more competent hands." 

In Wisconsin we find, forming the base of the series, a great bed (IIT) 
of light-colored quartzose schists and slates over 400 feet in thickness, 
so marked in its characters as to be everywhere unmistakable, and be- 
yond question absolutely continuous for over fifty miles. The slates 
of this bed vary from schistose vitreous quartzites, to thin-laminated 
argillitic mica-schists, while subordinate to it are two other members, 
a white arenaceous quartzite (IT) and a magnesian limestone (I). Now 
in much of the Marquette region, a great quartzite bed (Y), including 
argillitic schists and limestone, quite undistinguishable in hand speci- 
mens from the Wisconsin rock, forms the base of the Huronian series. 
From the descriptions of this layer by Mr. Brooks, in the Michigan 
report, it is evidently no less prominent and persistent than the sili- 
ceous slate of the Wisconsin series. It appears evident enough that 
the two are directly equivalent. 

Above the siliceous slate in the Penokee system we find a great 
thickness of magnetitic quartz-schists and slates, which are, beyond 
doubt, continuous from Numakagon lake, in T. 44, R. 6 W., nearly to 
Lake Gogebic, in Michigan, a distance of over eighty miles. In Mich- 
igan, a succession of strictly similar rocks overlie the great “Lower 
Quartzite”’ (V), but are here intercalated generally with heavy diorite 


1This subject is one which Messrs. Brooks and Wright will have occasion to treat of 
in other portions of this report. Their extended experience in all of the Lake Superior 
Huronian districts will undoubtedly enable them to carry the scheme into much greater 
detail. Major Brooks has already published on this topic, and has in preparation a 
still more extended presentation of the subject. | 
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bands. Such bands are unknown in the Wisconsin series, except at the 
west, in T. 44, R.5 W., where they appear in great force. The peculiar 
garnetiferous rock of the Penokee series appears also in the Michigan 
macnetite-schist beds. The Penokee magnetic belt, then, I shonld re- 
gard as equivalent to Nos. VI to AT of the Michigan system. 

Immediately above the magnetic belt in the Penokee series, or sepa- 
rated from it by a comparatively narrow band of black slate, seen only at 
one or two places, we find always a blank (VI) without exposure, nearly 
900 feet in width. If our previous suppusitions are correet, in this 
gap should be the equivalent of XIII of the Michigan series, the bed 
in Which oecurs all the rich ore. Most of this covered space does not 
show any unusual magnetic attractions, though Mr. C. E. Wric¢ht has 
found some in the western portions of the Penukee belt. It should 
always be remembered, however, that only the magnetic ores attract, 
while the pure specular ores do not. The specular ores are quite as 
likely to oceur as the magnetic, and are, moreover, never found out- 
cropping when rich, being far too fragile to withstand atmospheric 
action. 

Above the blank space numbered VI in the Penokee series, the pre- 
vailing rock, for a thickness of over 2,000 feet, is an aphanitie, black 
mica-slate, often chiastolitic, wnich includes, however, one or two bands, 
ageregating some 200 feet in thickness, of quartzite, and two narrower 
bands of diorite, besides which there are blank spaces, the nature of 
whose underlying rock is an inference only. The black slates and 
quartz-schists appear to be very persistent, but the diorites are as yet 
known only in the vicinity of Bad river. The equivalents of these 
members in the Marquette series appear to lie from XIV to XVII, 
where we have quartzite and clay slate, besides some doubtful members. 
The slate is often brown to black, containing carbon, and frequently 
distinctly micaceous, when the specimens show some similarity to the 
black slates of the Penokee series. Nothing has been found in the 
latter, as yet, that resembles the true clay slate (XV) of the Marquette 
series. 

Forming the uppermost members of the Penokee system we find a 
great development of mica-schists, including, in the lower portions, a con- 
siderable proportion of a dark gray, generally aphanitic rock, quite differ- 
ent, however, from the black mica-slates lower in the series, while higher 
up are beds of a coarser and more distinctly micaceous texture, often 
contorted and banded like gneiss, with others in which the mica almost 
wholly disappears, and we have a light gray, fine-granular quartz-schist. 
These mica-schist layers reach a total thickness of over 5,000 feet. In 
the Marquette region the youngest member of the series, XIX, is 
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described as one of the thickest beds in the whole Huronian series, 
and “sometimes so siliceous as to be rather a micaceous quartzite.” 
The Michigan rock appears, front the descriptions, and from the speci- 
mens in the typical collection, to be more like the coarser of the Wis- 
consin varieties, while the staurolite and andalusite have not yet been 
noticed in the Wisconsin rock. 

It seems abundantly evident, then, that a striking similarity exists 
between the general stratigraphical successions of these two regions, 
which may be regarded as indicating a true equivalence between the 
corresponding members of the two systems. 
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CHAPTER IV. 
THE KEWEENAWAN OR COPPER-BEARING SYSTEM. 


The rocks of this system oceupy the larger part of our district north 
of the Huronian belt, the horizontal Lake Superior or Potsdam sand- 
stone being confined to the Apostle Islands and, on the mainland, to 
the immediate vicinity of the lake. 


LITHOLOGY AND STRATIGRAPHY. 


As explained at some length on a previous page,! the Keweenawan 
System includes a lower division, consisting chiefly of great flows of 
gabbro, diabase and melaphyr, and an upper division, composed 
chiefly of reddish feldspathic sandstone, subordinate to which are 
heavy beds of bowlder-conglomerate, indurated gray and brown quartz- 
Jess sandstone, and black shale. The great. synclinal depression formed 
by this system in northern Wisconsin has also been sufliciently ex- 
plained. No further general considerations need then be introduced 
in this place, and we may pass on to the description of the nature, 
distribution and local details of the several kinds of rock that make 
up the series. Since these lie for the most part in distinct belts, 
conforming in a general way to the trend of the more southern Huro- 
nian belt, we shall be at the same time examining the stratigraphy of 
the system. The following classification of the kinds of rocks involved 
will aid to make plain the arrangement of the subject adopted: 


I. Ervetrive Rocks — 
. 1. Gabbro. 
chi 2. Diabase and diabase-amyedaloid. 
Rocks 7D 
3. Melaphyr. 
Acid | 4. Granite. 
Locks (5. Porphyries (possibly clastic). 


II. Cuastic on FRAGMENTAL Rocks — 


6. Bowlder-conglomerate. 

7. Black and gray shales. 

8. Gray and brown quartzless sandstone. 
9. Red sandstone and shale. 


1 See Part IJ of this Vol., Geological Structure of Northern Wisconsin. 
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So far as practicable, these rocks are considered in the order of the 
belts which they severally form, beginning with the southernmost. 
The granite has a restricted distribution, and is found cutting the 
gabbro near the base of the system, as also the immediately adjoining 
upper mica-schists of the Huronian. The eruptive nature of the por- 
phyries, which form belts of large size, is, as explained on a previous 
page, a matter of some doubt. 


Gabbro. 


This rock, which in the Keweenaw Point region has but a very 
meagre development, forms in the Bad river country of Wisconsin a 
continuous belt from one and one-half miles to five and one-half miles 
in width, and forty miles in length, besides occurring in minor quan- 
tity associated with the common diabase or melanhyr. 

The Bad river gabbro belt forms the base of the system, and is found 
lying immediately north of the upper mica-schists of the Huronian. 
On the Montreal river the gabbro is wanting, the Huronian mica- 
schists being followed directly by greenish chloritic diabase and dia- 
base-amygdalvid. On the Lac Flambeau trail, four miles west, gabbro 


¢ _ appears to alternate with the ordinary diabase, and west from here rapidly 
ee ee Par isplaces the latter rock, until, in the southwest part of T. 46, R. 1 E., we 
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have apparently as much as two miles in width of gabbro. From here, 
with a width of from one and one-half to three miles, the gabbro trends 
west-southwest to Bad river on the west side of T. 45, R.2 W. West 
of Bad river the course is more nearly westerly. In the vicinity of the 
Brunschweiler river, T. 44, R. 4 W., and T. 45, R. 4 W., the width of 
gabbro from north to south is as much as five miles. Further west the 
belt narrows rapidly, disappearing in T. 44, R. 6 W. 

In this belt the gabbro occurs of two well marked kinds, of each of 
which there are subordinate varieties. 

The first of these, which forms the greater part of the belt, lying nearly 
always south of the other kind, is a bluish-gray to nearly black, highly 
crystalline rock, varying in texture from very fine to very coarse-grained, 
when the individual crystals reach two or_three inches in length, The 
normal constituents are a plagioclase feldspar (commonly labradorite), 
augite or diallage, magnetite or titanic iron, and olivine, the last named 
ingredient being usually, but not invariably present. 

The olivine, which, when present, is evidently the oldest ingredient of 
this variety, being included within both feldspar and augite, appears in 
the thin section to be not unfrequently almost fresh, or traversed by 
brownish ochreous stripes, between which more or less of the original 
mineral still remains. A change to a greenish serpentine-like sub 
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stance, the common mode of alteration of olivine, has only rarely been 
observed in the Wisconsin rock. A very interesting mode of alteration 
of olivine, peculiar, so far as known, to this region, is that first discov- 
ered by Mr. A. A. Julien, and described by him in an appendix to this 
report. This is a change to biotite, viridite and tale, the latter mineral 
forming a shell of silvery scales around the original grain, while within 
are scales of biotite (which in some cases have, in crystallizing, broken 
through the tale shell), patches of viridite, particles of magnetite, and 
more or less of the original mineral. I have myself observed a number 
of cases where the nearly unaltered mineral, traversed by a few minute 
brownish seams, is completely surrounded by the tale shell. This 
mode of alteration, which is characteristic of the coarser-grained varie- 
ties, has been observed in specimens from all portions of the gabbro 
belt. In specimens brought from ledges in the southern parts of T. 45, 
R. 2 W., and also from more eastern points, the nearly fresh olivine 
holds a black opaque mineral in little strips and patches, which is evi- 
dently an alteration-produet. The olivine, which is rarely very abun- 
dant, is commonly microscopic, but may at times be readily detected 
in the hand specimens in glassy green grains, and more often in the 
thin sections, without the aid of the microscope. 

Next in age to the olivine of this phase of the gabbro is the plagioclase, 
which is most commonly labradorite, and is in nearly all cases the pre- 
dominating constituent, in some varicties making up almost the whole 
of the rock. The single crystals are commonly one to three inches in 
length, and one-fourth to one-half inch in width, while in the coarser 
varieties surfaces as much as two to three inches wide are met with. 
This ingredient is nearly always in a quite fresh condition, showing in 
the thin section between the crossed nicols a far more perfect and bril- 
liant twin-banding than I have yet seen in sections from any other 
region. The characteristic inclusion of the labradorite of the typ- 
ical gabbros of Europe —black needles arranged in several definite 
directions — are here beautifully developed. They characterize especi- 
ally large areas which polarize monochromatically, and are therefore 
readily mistaken for orthoclase. Other inclusions occur, such as viri- 
dite, biotite, tale and magnetite, but these are not abundant, and gen- 
erally are directly traceable to the alteration of adjoining augite or oli- 
vine. The plagioclase crystals are always sharply cut, being bounded 
by straight lines in the thin sections, and constitute a net work, with 
intervening spaces now occupied by the angite. 

The angitic ingredient of this variety, in the thin sections, fills the lin- 
early bounded spaces between the plagioclase crystals in such a manner 
that its more recent formation is placed beyond a doubt. Commonly 
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several neighboring but wholly disconnected areas of augite will present 
parallel cleavage lines and will show a common color between the crossed 
nicols, proving their crystalline identity. In some of the very coarse va- 
rieties, a plane surface on a hand specimen will show the same interest- 
ing relation between the augite and plagioclase. The angite in the thin 
sections, when unaltered, varies in color from a pale, scarcely percepti- 
ble violet, to a deep wine-tint. In the hand specimens it is always 
black when visible. It presents in the sections every possible variation 
from ordinary augite, full of irregular cracks, to the most highly foli- 
ated diallage, a variation which is also often to be detected macroscop- 
ically. It is frequently unaltered, but presents also several kinds of 
change. One of these is toa greenish viridite, but more commonly 
the alteration is to a true hornblende or uralite, which, in the sections, 
has a greenish tint, and is strongly dichroitic. In some of these 
uralitic varieties originally rich in augite, the change has been s0 ex- 
tensive that the rock looks like a typical hornblende rock.' But even 
in these cases the contours of the original augite crystals, as well as 
cores of augite, remain. This change affects both the ordinary 
augite and the foliated or diallage varieties. In the latter case the 
change tends to take place along the foliation planes. An altera- 
tion to a true basaltic hornblende, which in the thin sections is of - 
a deep brown tint, and presents the strongly marked characteristic 
prismatic cleavage, is also to be noticed. This change seems to affect 
only the non-foliated augite, and is characteristic of a band near the 
southern limit of the gabbro belt. In some phases of this rock the 
change has been extensive, and the appearance of the thin sections 
suggests that most of the hornblende may be primary. These 
varieties Professor Pumpelly has called augitic diorites, but I should 
be disposed to regard them as merely instances of a pushing to 
the extreme of the paramorphic change from augite to hornblende. 

Magnetite or titanic iron is present in most of this variety of gabbro, 
at times in very large particles, which are rarely, if ever, possessed of 
crystalline outlines, and which bear such relations to both augite and 
plagioclase as to indicate their later formation. Liotite is a common, 
but usually not abundant accessory, and, 1m some sections, apatite 
needles are seen abundantly crowded in the plagioclase erystals. 

The second variety of gabbro is found especially in the more north- 
ern portions of the gabbro belt, forming apparently continuous bands, 
which have in some cases been traced for a number of miles. It is a 
red-and-black-mottled, or red-black-and-gray-mottled rock, and com- 
monly very coarse-grained, though never reaching the extreme degree 


1 See Professor Pumpelly’s report, p. 39 of this Vol. 
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of coarseness which the other variety sometimes shows. It is also 
! _marked by very abundant and large (so large as to be readily seen with 
WA the naked eye) grains of magnetite, or, at times, of titanic iron. The in- 
ae? = gredients of this rock are the same as those of the other variety, except 
that olivine is only rarely present, and then is completely changed to a 
Ab yoo greenish material. The lack-lustre plagioclase is at times gray or 
AT rel « greenish-gray, at others brick-red, both types being generally repre- 
ke + lla sented i in the same rock. In both these cases the alteration has been 
Lp gen great, even the grayish kinds showing only faint traces of the twin bands 
ff in the polarized light, but, instead, the characters of an aggregate, while 
| kh. . ae the red crystals are in addition infiltrated with the red oxide of iron. 
4 We have then here to.deal with a case of an alteration in a sanssurite 
f direction. The augitic ingredient of this rock is always highly foliated, 
and is commonly also more or less altered to a greenish uralite, which 
in many cases has passed beyond the uralitic condition into a soft, greasy 

feeling chloritic substance. 
From the general descriptions thus given, it is evident that my ob- 
servations on these north Wisconsin gabbros bear out the conclusions 
reached by certain European lithologists, as to the subordinate import- 
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ance of the foliated condition of augite, by which ge vabbro is ord y , 


separated from diabase, of which it would seem to. be merely a phase. 
Nevertheless, the name is here retained, not only because most of our 
rock is very close to the typical European gabbros, but more especially 
because it isso sharply contrasted with the typical Keweenawan diabase 
that a separate name seems necessary. 

Throughout the gabbro belt, no reliable indications of bedding have 
been seen. A close jointing is sometimes perceptible and may be mis- 
taken for bedding, but a careful examination always shows its real 
nature. 

In the townships west from Bad river, and within the gabbro area, 
low exposures of a very coarse-grained granite are often met with, 
in characters precisely resembling the granite cutting the upper mica- 
schists of the Huronian. Commonly the relation of the granite to the 
gabbro is not to be made out, but in several places on and near Bad 
river its true intrusive character is rendered evident by the exposures of 
its contact with the gabbro. This granite is more completely described 
on another page. 

Besides the coarse granite, narrow seams of very fine-grained pinkish 
granitic material (mixtures of orthoclase and quartz), are met with. 
Dikes of heavy black aphanitic diorite also occur. 

The gabbro of this belt is regarded as belonging to the Keweenawan 
system rather than the Hnuronian, for the following reasons: (1) the 
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close similarity it presents in mineral composition to the true Kewee- 
nawan diabase; (2) the evident interstratitication with the latter near 
the junction of the two; (3) the manner in which unmistakable Kewee- 
nawan diabase fills the eastern extension of the gabbre belt in the 
vicinity of Montreal river; (4) the massiveness and apparent eruptive 
nature of the gabbro; (5) the occurrence of gabbros in the typical 
Keweenawan region of Keweenaw Point, and with typical Keweenawan 
diabase in Douglas county, Wisconsin; and (6) the apparent non-con- 
formity of the gabbro and the Ifuronian schists, as indicated by the 
way in which the junction line between the two cuts diagonally across 
the strike of the Huronian beds. The only fact looking in the opposite 
direction is the disappearance of the gabbro belt in its western ex- 
tension in the same manner, and in the same vicinity as the belt of 
Huronian schists. 


On Bad river, northwest quarter of the northeast quarter of Sec. 6, 
T. 44, R. 2 W., the gabbros are seen in the immediate vicinity of ledges 
of the upper mica-schist of the Huronian (Nos. 19 and 20, Atlas Plate 
XXIV), rising in bold exposures from the west side of the railroad 
track. The southernmost rock (2,088) seen here is dark-colored and 
rather fine-grained, and shows large plates of reddish mica, some of 
which are one-quarter inch by one-half inch in dimensions. Under the 
microscope this rock is scen to be a uralitie gabbro, the augite, of pale 
violet tint, occurring both in the ordinary variety, and as highly fibrous 
diallage. Both of these varieties show a change into dichroitice horn- 
blende, a number of different stages in the alteration process being per- 
ceptible. In the diallage, the change to hornblende has taken place 
along the planes between the lamella. The plagioclase is for the most 
part much altered. Magnetite or titanic iron, and apatite are present 
as accessorics. 

Twenty paces further north along the railroad comes in an exceed- 
ingly coarse bluish-grey gabbro (2,037), the greyish labradorite crystals 
of which are often several inches in length and one to two inches in 
width. The labradorite greatly predominates, but much greenish-black 
to black, and often highly foliated diallage is visible, evidently filling 
the interstices between the previously formed labradorite crystals, an 
appearance which is always very pronounced in the thin sections of the 
finer grained varieties of these gabbros. But little magnetite is visible. 
Following this ledge further northward the grain is found becoming 
somewhat finer, though still very coarse (2,036). 

The northern part of Sec. 6, T. 44, R. 2 W., and most of Sec. 31, T. 45, 
KR. 2 W., show numerous large ledges of gabbro, on the steep hillsides 
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facing east and south towards Bad river. From open places in the 
windfall on the Penokee Range, Secs. 7 and 18, T. 44, R. 2 W., these 
may be seen standing out very prominently. In the immediate vicin- 
ity of the river and railroad, however, the rocks are concealed until we 
reach the northern part of Sec. 31. Here large exposures, and often bold 
cliffs rise from the west side of the railroad track (No. 7, Plate XXIV). 
At the southern end of these exposures the rock is somewhat decom- 
posed, crumbly and brownish-stained (2035, 2034) and of coarse- 
grain, the individual plagioclase crystals often reaching half an inch in 
length and forming the bulk of the rock. A thin section of one speci- 
men obtained at this point (13) shows the augite highly fibrous, and 
mostly altered to a greenish, dichroitic material. Further north the 
decomposition is less evident,and the peculiar bluish-grey color pre- 
vails (2,033). At 100 paces were noticed numerous pinkish seams 
of an aphanitic material one or two inches in width, which under 
the microscope is seen to be chiefly fine quartz mingled with ortho- 
clase. Tere was also noticed a 3-inch faulted vein of aphanitic dark- 
colored, heavy rock (2,032), trending N. 55° E., and dipping at a high 
angle to the southward. The rock of this vein is seen under the mi- 
croscope to be an exceedingly fine-grained diorite. Further northward 
again, the rock is very coarse (2,029, 2,030, 2,031) the labradorite greatly 
predominating. Here was obtained the specimen (12) described in 
detail by Mr. Julien in Appendix B. His investigations show as essen- 
tial constituents: predominating labradorite, with inclusions of viridite, 
biotite, magnetite and tale; orthoclase in much smaller quantity, with 
needle-like plagioclase inclusions; augite, both ordinary and diallage, 
including viridite, magnetite and biotite, and often altered to viridite; 
and chrysolite or olivine, mostly in or near the angite, and nearly al- 
ways showing a remarkable and hitherto unknown kind of alteration, 
namely into viridite, biotite and tale. One thin section in my collec- 
tion, from a specimen (2,028; sp. gr. 2.82) taken near the northern end 
of this ledge, and about onthe north line of Sec. 31, shows an almost 
entire absence of the augite, while the predominating labradorite is 
thickly studded with macroscopically visible olivine grains from 0.5 m. 
m,. to 6 m. m. in the greatest diameter. Most of these show the pecu- 
liar alteration described bv Mr. Julien, being surrounded by a shell of 
scales of tale. The biotite is seen in many cases however to be entire- 
ly wanting, and in a few grains the alteration appears to be the ordi- 
nary serpentinous one. 

Some 200 paces north of the south line of Sec. 31, begin large 
ledges, over and through which Bad river plunges in a wild gorge. 
(Nos. 4, 5,6, Atlas Plate XXIV). Here the gabbros are penetrated by 
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veins and masses of coarse pink to red granite, which makes up a large 
part of the exposure. A railroad cutting along the east bank of the 
river freshly made at the time of my examination in 1873, afforded an 
excellent chance for observing the relations of the different rocks at 
this place. The following is a measured section taken in the cutting, 
beginning at the southern end. 

Feet. 

I. Dark greenish-black, medium to fine-grained, highly crystalline gabbro, (2) 

weathering brownish; sp. gr., 2.93. Numerous macroscopically visible, 

metalloidal mica flakes are contained. The principal joint-planes strike N., 

30° E., and dip 45° N., and often are so close as to give an appearance of 

bedding. Under the microscope the thin section shows a much altered 

rock. The augite is chiefly non-foliated, and is for the most part altered 

to a yeilowish-green and deep bluish-green material, the latter showing 

slight traces of dichroism. Biotite is an abundant accessory, and is evi- 

dently connected with the decomposition of the augite. The feldspar is 

much fissured and penetrated by greenish viridite. The usual black mag- 
netite or titanic iron is seen.........cccceeceecccccececcceccceecccccccn, 40 


III. Diorite dike; very close-grained, minutely crystalline, dark greenish-gray 
diorite (5), the thin section of which is chiefly made up of pale greenish, 
strongly dichroitic hornblende, often showing the characteristic prismatic 
cleavage, and forming one continuous mass in which the sparser plagioclases 
appear as if included. Rare biotite and magnetite are present............ 15 

IV. Red-and-black-mottled, coarse, rough-textured and white-weathering gabbro 
(6); unlike the bluish-gray, and other gabbros, further south on Bad river. 


and changed to uralite; original hornblende ; biotite; and titanic iron...... 00 

V. Pinkish, white-weathering granite, finer grained than II. Nests holding 
quartz, calcite, ripidolite, and purple fluorite seen in this POCK apices oeteeans 40 
VI. Red-and-black-mottled gabbro, like IV .....0s.seccccceccceccecceccccccce, &0 
VID. Red granitesisiivssaswssieww see ventas aeeaioeess ieee seas coc ereccsscccces 5 
CL OUI aie: fate.5iva ni ie B'S eve eon torald ascveisa ta gteiveancse o esas ieee aces emiswas eves 210 


Northward from these falls no exposures of the gabbro belt were 
noted in the vicinity of Bad river. 


Last of Bad river. Fast of Bad river the exposures on the gabbro 
belt are not so large or numerous as to the west of the river. There are, 
however, many of them, and quite enough to prove the continuity of 
the belt and to fix its limits. A few only of the more important 
outcrops are here referred to. 
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On the south line of the southeast quarter of See. 32, T. 45, R. 2 W., 
and running several hundred paces south, are large exposures (No. 27, 
Atlas Plate XXIV) on the sides and eummit of a steep side-hill which 
faces north and west towards the valley of one of the main branches 
of Carrie’s creek. The northern portions of these ledges, near the 
section line, are of a dark gray, rather fine-grained, but highly erys- 
talline, often much jointed olivine-gabbro, or diabase, in which the 
black augite and gray plagioclase can at times be Just seen macro- 
scopically (3,168 to 3,170). Going southward from the section line along 
the west-facing slope, we find at 50 paces south of the line a cliff 
some 20 feet in height, of very close-grained, dark gray mica-schist, be- 
longing to the Huronian series, and described on a previous page. 
Following the slope still farther southward, we find it curving east- 
ward, and at about 120 paces, measured along the curve of the hill, 
exposures of the same olivine-gabbro as before noted are met with 
(3,177 to 3,179), proving the great irregularity of the junction of the 
mica-schist and gabbro, or, more probably, the actual penetration of 
the schist by the gabbro, which is regarded as of an igneous origin. 
Under the microscope, the gabbro seen at this place shows the augite 
of the usual wine color, for the most part full of irregular cracks, and 
only occasionally with a tendency towards diallage, which tendency is, 
however, very distinctly visible in a few of the crystals. The olivine 
is very abundant, sometimes showing a greenish, fibrous alteration- 
product, but for the most part the only alteration is one indicated by 
frequently penetrating irregular strips and borders of a black mineral 
(magnetite ?). The relative ages of the several ingredients are very 
plainly olivine, plagioclase, augite, magnetite. The magnetite occurs 
also quite plentifully independently of the olivine. A representation 
of asection of this rock (3,177) is given on Fig. 6, Plate XV D, mag- 
nified 40 diameters. 

Exposures showing the same rock exactly, and also the same peculiar 
relations between the mica-schists and gabbros, are to be seen in and 
near the stream which crosses the south line of Sec. 27, T. 45, R. 2 W., 
near the quarter-post. Just north of the line, and extending some fifty 
paces up the stream (northward), are exposures of a very distinctly and 
evenly bedded, light gray, quartzose mica-schist (3,164, 3,165). Down 
the stream (southward) from the section line, are quite large, entirely 
structureless, though often much jointed ledges of a gabbro (3,166) 
very close to that on the south line of Sec. 32 (8,177). Under the mi- 
croscope the rounded olivine grains, often as much as 0.3 m. m. in 
greatest diameter, are very beautifully marked and often almost entirely 
undecom posed. 
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On the east line of the same township, fifty paces south of the north- 
east corner of Sec. 25, a closely similar rock is again seen (3,160). The 
wine-colored angite here often tends towards diallage. The olivine 
is in large pronounced grains, reaching 0.5 mm. in length. Itis to be 
noticed that the rock of no one of the three localities last described 
shows any sign of the talcose alteration of olivine which is character- 
istic of the otherwise closely similar rock on Bad river. 

In T. 45, R. 1 W., the ledges are more numerous, often presenting 
cliffs ten to twenty feet high, hundreds of feet in length, and facing in 
every direction. At the southeast corner of Sec. 6, the rock is dark 
brewn, much weathered, rather coarse-grained, and very rough-textured, 
the black augite standing out very prominently. Under the microscope 
the general appearance of the thin section allies this rock more nearly 
to the gabbros seen interstratified with the typical Keweenawan diabase. 
According to Pumpelly, it is near to the rocks of bed 107 of the Eagle 
river section, Keweenaw Point; the plagioclase being anorthite, and 
the augite tending to diallage. 

In the southeast quarter of Sec. 5 of the same township, Tyler's 
Fork makes rapids over a peculiar green-and-red-blotched, much altered 
gabbro. The greenish, soft, often unctuous base appears to be an alter- 
ation-product of the augite. No thin section has been examined, 
but the general appearance of the rock, especially the very coarse, 
reddish stained plagioclase, would refer it to the red and black gabbro 
seen in a number of places in the more northern portions of the gabbro 
belt. : 

Several large exposures of gabbro occur in the vicinity of the now 
nearly obliterated Ironton trail. One of the largest and most interesting 
of these is near the corner of sections 9, 10, 15 and 16, of T. 45, R. 1 W. 
It is about 100 feet long and 10 to 12 feet high, showing light gray, 
often nearly white, and coarse-grained gabbro (166; sp. gr., 2.80), a 
peculiar phase not elsewhere noted. The striations of the plagioclase 
are very plain macroscopically. Under the microscope the large plagi- 
oclases, often beautifully clear, though occasionally spotted with decay, 
make up nearly the whole section. Between the crossed nicols the 
colored banding of these is the handsomest I have ever seen. The 
augite is nearly all diallage, the close parallel lines of cleavage marking 
very distinctly the foliation. In some sections large olivines, as much 
as 1.5 to 2 mm. in length, are seen. Some of these show every phase 
of the peculiar alteration to tale and biotite described by Mr. Julien in 
Appendix B, while others are almost wholly unaltered. "ig. 2, Plate 
XV E, represents a portion of a section of this rock showing the dial- 
lage and altered olivine magnified 20 diameters. Only a few hundred 
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paces to the west of the ledce last described ig another equally large 
one, of a fine-grained, very dark gray to nearly black variety of the 
gabbro (167). This rock has not been examined under the microscope. 

The exposure near the south line of the northwest quarter of Sec. 2, 
T. 45, R. 1 W., shows a dark gray, finely crystalline variety, in which 
both the plagioclase and augite are macroscopically recognizable and 
which contains pyrite. This rock has a specific gravity of 3.02, and 
contains oligoclase, original hornblende, augite and uralite (Pumpelly). 
Both hornblende and uralite are very plentiful. The general appear- 
ance of the section would place the rock with the gabbros, to which it 
belongs by position. It is, however, a strongly marked and peculiar 
variety. 

On the northeast quarter of Sec. 13, T. 45, R. 1 W., west of the 
Potato river, are exposures of a dark gray, medium-grained gabbro, in 
which much greenish olivine is readily observable with the naked eye. 
This rock closely resembles that of the ledges in the southern and 
southeastern part of T. 45, R. 2 W. (3,161, 3,166). Under the 
microscope, the similarity holds, the section showing, however, an ex- 
traordinary amount of olivine, much of which is quite unaltered, while 
the rest presents frequently a change to biotite, ochre, and magnetite, 
but not to tale. The augite is wine-colored and tending to diallage. 
The olivine is both in the augite and in the plagioclase. 

In T. 46, R.1 W., the gabbro belt crosses the southeast corner of the 
township. Here, on and in the vicinity of the old Ironton trail, a num- 
ber of ledges have been noted. In the northeast quarter of the south- 
east quarter of Sec. 34, the northernmost rock seen is a coarse gabbro 
of the red and black variety, showing grayish, dull plagioclase, in faces 
up to two-tenths inch in width; dark greenish-black, foliated augite 
as large as the plagioclase; bright metallic-lustered magnetite in par- 
ticles one-tenth to two-tenths inch across, very abundant; and minute 
greenish olivine grains. The silica content is 53.03; the specific 
gravity 2.89 (Pumpelly). The thin section presents the usual appear- 
ance of this variety of the gabbros. An inspection of the map will 
show that this exposure lies directly in the general line of trend with 
the entirely similar rocks in the bed of Tyler’s Fork, southeast quarter 
See. 5, T. 45, R. 1 W., and in the southeast quarter of Sec. 6. It is an 
interesting fact that in this ledge was observed a narrow vein of green- 
ish epidote and quartz, holding native copper in minute flakes. About 
75 paces further along the trail southward, the rock is light grayish, 
coarse-grained gabbro, very close indeed to that observed near the south- 
west corner of Sec. 10, T. 45, R. 1 W. (166). Three hundred paces 


further are ledges of a fine-grained, very dark colored rock, the thin sec- 
Vor. III.—12 


178 GEOLOGY OF THE EASTERN LAKE SUPERIOR DISTRICT. 


tion of which, under the microscope, resembles somewhat the typical 
Keweenawan diabase, but it evidently belongs with the other gabbros. 
Three hundred and fifty paces further the ordinary coarse grayish gab- 
bro is seen, and beyond, near the south line of the section, are exposures 
of the brick-red granitic porphyry elsewhere spoken of. 

In T. 45, R. 1 E., the gabbro belt crosses the northeast corner of the 
town. Fine-grained, dark gray gabbro is seen near the northwest cor- 
ner of Sec. 6, about a mile, measured across the general trend, from the 
nearest Huronian exposure. A similar rock shows near the southeast 
corner of the same section. 

In the southwest part of T. 46, R. 1 E., are other similar rocks, but, 
following the trend of the gabbro belt eastward through this township, 
we soon begin to mect ledges of the Keweenawan diabase and diabase- 
amygdaloid, which rock finally, in T. 46, R. 2 E., after passing the 
Gogogashugun river, appears to usurp entirely the position of the gab- 
bro, no sign of which is to be seen on the Montreal. 

On and near the Lac Flambeau trail, in the eastern part of T. 46, R. 2 
E., several exposures of gabbro occur. One of these, in the north part of 
Sec. 30, near the northern border of a great swamp, appears to be very near 
the Huronian boundary, while for a mile and a half to the northward the 
exposures in the vicinity of the trail are all of the typical diabase, and 
diabase-amygdalvid. The rock exposed here is a very coarse-grained 
gabbro, in which the greenish-black diallage preponderates, and much 
coarse magnetite or titanic iron is perceptible with the naked eye. In 
the southwest quarter of Sec. 7, T. 46, R. 2 E., both in the bed of the 
ereck and again near the southwest corner of the section (3,030), the 
gabbro exposed is a very coarsely crystalline, dark gray to black rock, 
similar to that last described, but showing much reddish altered plagio- 
clase. It evidently belongs with the red-and-black-mottled variety. 
The easternmost gabbro observed was on the Gogogashugun river, near 
the south line of Sec. 8, T. 46, R. 2 E., where are low exposures run- 
ning along the right bank of the river, for several hundred feet, of a 
fine-grained, very dark gray variety (1,549). Above and below on the 
the river the ordinary diabase and diabase-amygdaloid are seen. The 
whole country to the east seems also to be occupied by the latter rocks. 


West of Bad river, the gabbro belt has a width of from two and a 
half to five and a half miles, covering the southern portions of T. 45, 
and the northern of T. 44, ranges 3,4 and 5 W. The central portion 
of this belt is a broad but well marked ridge, cut through in only two 
or three places by the larger northward-flowing streams. The rock ex- 
posures are very numerous, often presenting precipitous fronts, which 
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face in all directions, are nearly always without trace of structure, and 
often show, for an area of several miles, no perceptible variation in the 
rock. The saine coarse granite that cuts the gabbros on Bad river 
makes in these townships frequent exposures, which are spoken of in 
another connection. 

In sections 1, 2 and 3 of T. 44, R. 3 W., the northern limit of the 
mica-schists of the Huronian lies only about a quarter of a mile south 
of the town line. In this narrow space, however, there are a number 
of exposures of gabbro, and of the intruding granite. Many of the 
gabbro outcrops show a peculiar hornblende-bearing variety, which has 
already been noticed as occupying about the same stratigraphical posi- 
tion in the vicinity of Tyler’s Fork, T. 45, R. 1 W. On the west line 
of Sec. 2, T. 44, R. 3 W., 286 paces north of the quarter-post, are 
sinall exposures of this hornblende-bearing rock (No. 12, Atlas Plate 
XXIV). As seen here (2,019; sp. gr., 3.09), it is fine-grained, grayish, 
rough-textured and highly crystalline, showing under the loupe much 
of a black lustrous mineral. Under the microseupe, the thin section 
shows plagioclase; augite in rounded granules; brownish, deep-tinted 
hornblende, often surrounding cores of augite; and magnetite. The 
relation of the hornblende and augite is probably best explained by 
regarding the former as secondary, though it does not present the light- 
tinted scaly appearance of the ordinary uralite. At 750 paces north 
of the same quarter-post is seen a medium-grained, nearly black rock 
(2,020) which shows a deep, rough weathering, and closely resembles 
an ordinary hornblende-rock. The thin section of this is like that last 
described, showing plagioclase; augite in rounded granules; brown, 
very highly dichroitic hornblende surrounding cores of augite, from 
which it appears to present every stage of alteration, and often show- 
ing strongly marked the characteristic prismatic cleavage; diallage 
with narrow strips of hornblende along the cleavage lines; magnetite; 
and viridite. Figs. 4 and 5, Plate XV C, are representations of thin 
sections of this rock. 

On the north shore of English lake, at the head of the outlet, is a 
hill 50 feet in height, composed of one of these hornblende-bearing 
varieties (80). In this case the hornblende is the most abundant in- 
gredient, and would undoubtedly be regarded as primary, but for the 
- oceurrence of those kinds just described, of which this appears to be 
merely an extreme case. Prof. Pumpelly has given to this rock the 
name of augite-diorite, he naturally regarding the hornblende as pri- 
mary. Macroscopically, the rock is rather fine-grained and of a dark. 


- Rosenbusch, ‘‘ Mikroskopische Physiographie der massigen Gesteine,”’ page 464, 
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gray, hornblendic aspect, a few particles of mica and of olivine being 
distinguishable. Under the microscope, the deep brown hornblende 
makes up most of the section. The augite (which occasionally appears 
as a core to the hornblende), plagioclase, mica and magnetite are sub- 
ordinate. Following the outlet of the lake northward, the ordinary 
bluish-gray, often very coarse gabbro, is seen in large cliffy exposures 
on each side of the stream. 

The same rock is to be scen in large outcrops on the east line of the 
northeast quarter of Sec. 5; on the west line of the same section, a few 
paces north of English lake; and very frequently throughout Sec. 6, 
and in the northern part of Sec. 7. Some of the exposures in Sec. 6 
reach several hundred feet in length, and 10 to 15 feet in height, show- 
ing no trace whatever of structure. In a specimen (70) brought from 
the northwest quarter of Sec. 6 the glassy, wholly unaltered labradorite 
greatly predominates, while an unusual amount of coarse olivine is 
perceptible to the naked eye. Under the microscope, the individuals 
of labradorite are often siinple, and thickly crowded with the charac- 
teristic needle-like inclusions. A representation of these is given in 
Fig. 3, Plate XV D. The olivine shows the same peculiar alteration- 
products (tale, etc.) noticed in the gabbro of Bad river. 

In T. 45, R. 3 W., the gabbro ledges are again very numerous. On the 
southwest quarter of Sec. 25 was noticed a fine-grained, dark gray variety, 
(33), in the thin section of which the augite presents the appearance of 
acorevated grains, though frequently displaying the strong cleavage of 
diallage. On the west line of Sec. 35, 58 paces north of the corner, is 
a long south-facing ledge presenting two varieties of the gabbro. One 
of these (2,021; sp. gr., 3.00) is fine-grained and very dark gray, ap- 
proaching the rock of the large ledge on the south line of Sec. 33, T. 
45, R.2 W. The angite is largely altered to a greenish viridite, while 
some secondary hornblende is present. The other variety (2,022; sp. 
gr., 2.83) is of a coarser grain, and mottled black and white. In it are 
perceptible very narrow blades, sometimes one-half inch in length, of 
striated white feldspar, and a lustrous black mineral. Under the micro- 
scope are seen, in addition to the plagioclase, very highly fibrous dial- 
lage with interlaminated brown-tinted hornblende, large scales of biotite, 
and rarer original (7) hornbiende and magnetite. Fig. 6, Plate XV C, is 
a representation of this rock, showing all the ingredients named. 

In the vicinity of Bladder lake, T. 44, R. 4 W., the gabbro ledges are 
especially large and interesting. On both sides of the Brunschweiler 
river, after its exit from Bladder lake, and as far north as Sec. 15, T. 45, 
R. 4 W., bold cliffs of gabbro are almost constantly seen, while the same 
rock, in ledges and large fallen masses, produces frequent rapids in the 
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river. In Sec. 11, immediately below the exit froin the lake, is a vertical 
structureless wall, several hundred feet in length. Both the unaltered 
bluish-gray and the crumbling brownish varieties are here seen (84, 85). 
The thin sections show the usual characters. Immediately at the 
head of the river the rock is uralitic. Every stage of change is seen from 
the pinkish augite or diallave to the greenish dichruitie uralite, and 
from this to chlorite, completely altered crystals often preserving their 
sharp outlines. 

Along the west side of Bladder Jake, and up to the mouth of the inlet, 
the gabbro is almost constantly insight. In the northwest quarter of 
Sec. 13, it lies within Jess than half a mile of the magnetic belt of the 
Huronian. Onallof these exposures the rock appeared to be the same 
very coarse_bluish-gray variety. West from Bladder lake the gabbro 
extends southward more than half way across the township, but, except 
in the northern row of sections, the exposures are not frequent, the 
ground being low and swampy. Near the northeast corner of Sec. 3, 
the ordinary bluish-gray rock is seen. The several ledges on the west 
lines of sections 6, 7 and 18, show the same rock. The ledge on the 
west line of the northwest quarter of Sec. 19 shows a coarse, very 
dark-colored variety, in which the foliated, greenish-black diallage is 
macroscopically very conspicuous. Not three-fourths of a mile south 
from here, the Laurentian granite is in sight. 

In T. 45, R. 4 W., the gabbro exposures are large and numer- 
ous. The bluffs on each side of the Brunschweiler river, south- 
ward from the northeast quarter of Sec. 22, frequently show perpen- 
dicular faces 15 or 20 feet in height. Away from the river similar 
lines of cliff, often several hundred feet in length, are very frequent. 
The accompanying intrusive red granite is also often seen. Most of 
these ledges show the ordinary, very coarse, bluish-gray variety (71). 
To the north, however, and immediately south of the diabase belt, the 
gabbro exposures show usually the peculiar red-and-gray-mottled vari- 
ety (64) that has already been described as occupying a similar position 
on and east of Bad river. The most interesting exposures in this town- 
ship are those in and near the Brunschweiler, on sections 15, 16 and 29. 
Here are a number of ledges both of gabbro and of the porphyry and 
fine-grained diabase and diabase-amygdaloid, which make up the more 
northern belt of the eruptive portion of the Kewecnaw series. 

The line of junction between these two classes of rocks is quite irregu- 
lar. The northernmost gabbro, on the east line of Sec. 15, lies about 
375 paces south of the quarter-post. This is a coarse-grained, rather 
unusually dark-colored rock, which, under the microscope, is seen to be 
uralitic. According to Professor Pumpelly, it has a specific gravity of 
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2.90, and consists of labradorite in long narrow crystals; another younger 
feldspar with undefined outlines; uralite, mostly changed to chlorite and 
associated with quartz; and magnetite. Further south, about 500 paces 
north of the southeast corner of Sec. 15, the rock is again uralitic, but 
differs from the last in having an unusually light gray color, owing to 
the large content of labradorite. At the falls of the river, southwest 
quarter of Sec. 15, the rocks are porphyry and fine-grained diabase. 
Just above the falls, at the crossing of the old Penokee road, a fine- 
grained, very dark-gray gabbro is in sight, which, according to Profes- 
sor Pumpelly’s determination, has a specific gravity of 2.85, and con- 
sists of anorthite, diallage, actinolite as an alteration-product of the 
diallage, magnetite, and a serpentine-like substance, possibly an altera- 
tion-product of olivine. 

Following the river upward from here, a narrow band of bright red 
felsitic porphyry is met with, beyond which the gabbro continues 
changing from a rather fine-grained variety (69) to the ordinary coarse 
kind, as it is traced southward. The thin sections examined present 
no peculiar features. Ledges are found up both of the streams that 
enter the river in the southwest quarter of Sec. 15, and the sontheast 
quarter of Sec. 16. Here the gabbro (64) is coarse, of a dark greenish- 
gray color, and mottled with dull red and white. The greenish-gray 
feldspar, in facets up to one quarter inch in breadth and without ap- 
parent striation, makes up most of the rock. A soft, greenish mineral, 
very coarse magnetite, and large black augite crystals are also percept- 
ible. The thin section presents the usual characters of this well. 
marked phase of the gabbro. The plagioclase is often red-stained, and 
only faintly banded in the polarized light, in which it at times presents 
the appearance of a crystalline aggregate. The diallage is mostly al- 
tered to a greenish uralite and this again to a bluish-green chlorite. 
Almost exactly the same rock is seen on the west line of the northwest 
quarter of Sec. 30, and again at the southwest corner of the same sec- 
tion. 

In T. 45, R. 5 W., the gabbro occupies the southeastern sections, and 
in T, 44, R. 5 W., the northern half of the township, where ledges of 
this rock are often found within a half mile of the magnetic belt of the 
Huronian. Several ledges on the east line of T. 44, Rk. 5 W. have al- 
ready been noted. In Sec. 16 gabbro ledges occur as far south as the 
center of the section, less than half a mile from the magnetic belt. On 
the north line of the northwest quarter of Sec. 17, 250 to 300 paces 
east of the creek, ledges were noted of a variety (106, 107) the thin see- 
tion of which shows much deep-tinted hornblende and biotite. The 
rock resembles that (2,022) seen on the west line of Sec. 35, T. 45, R. 
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3 W. On the west line of Sec. 18 more exposures of the same rock 
were noted. On the west lines of sections 7 and 6 are large ledges of 
the red-and gray-mottled kind (112, 113; sp. er. 2.76). One of these 
ledges, at the quarter post of Sec. 7, is 25 feet in height, while another, 
half a mile further north, in the northeast quarter of Sec. 12, T. 44, R. 
6 W., presents a face 40 to 50 feet in height and 150 to 200 feet in 
length. The rock from both of these places is coarse grained, very 
tough and compact, and of a dark greenish-grey color mottled with 
red. The thin section (Pumpelly) shows plagioclase, red-stained and 
in part altered to chlorite, and diallace mostly altered to greenish 
uralite and chlorite, though often remaining in cores and indefinite 
patches. 

In T. 44, R. 6 W., the gabbro belt rapidly narrows, and by the time 
that R. 7 W. is reached, seems to have disappeared altogether. The 
westernmost gabbro ledge now known, on the southwest quarter of Sec. 
14, shows a medium-grained, dark greenish-black kind, looking exactly 
like an ordinary hornblende rock. Professor Pumpelly has alluded to 
this interesting rock (119 University collection) in his lithological 
report, page 35 of this volume. The hornblendic appearance is due to 
the large content of uralite, whose production by a change in the origi- 
nal augite or diallage is most beautifully shown in the thin section, of 
which I give a representation in Fig. 1, Plate XV E. 


Diabase and Melaphyr. 


These rocks, which, with their amygdaloidal and pseudo-amygdaloidal 
phases, make up the greater part of the Keweenawan System in Michi- 
gan, are continued into Wisconsin with essentially the same char- 
acters. In our district they make up most of a belt of country lying 
on the north flank of the uplands, immediately north of the gabbros, 
and from two to six miles in width. The melaphyr, while known to 
be very abundant beyond our district to the west, is only known here 
in a few places, and then without the marked macroscopic characters 
of the Michigan rock. 

For a general description of the lithological characters of these rocks, 
the reader is referred to Professor Pumpelly’s report (pp. 31 to 34 of 
this volume). The same author has described the processes of change 
which these rocks have undergone in still greater detail, in a paper on 
the “ Metasomatic Development of the Copper-bearing Rocks of Lake 
Superior.” ! 

The diabase in our district makes up the larger part of the system 


'Proc. Amer. Acad. Sci., Vol. XIII, p. 263 (1878). 
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north of the galbro belt and south of the great conglomerate. It lies 
in more or less distinet belts, separated by bands of porphyry, and in 
one portion of the district by intercalated beds of sandstone and shale. 
The several beds made out are indicated on the map of Atlas Plate 
XXIT, which, with the details given below, will render unnecessary any 
more definite description here. The broader bands, having been worked 

‘out from more or less scattered exposures, may very possibly include 
narrow bands of porphyry. A few beds distinctly of detrital origin 
(sandstone and shale) are also included, though at only two or three 
places has any marked indication of this been noted. The distinct in- 
tercalations of sandstone and shale with diabase and diabase-amyedaloid 
are restricted to a narrow belt at the junction between the eruptive and 
fragmental portions of the system. This belt, moreover, though prob- 
ably of great length in Michigan, extends into Wisconsin but a short 
distance. On the Montreal it is some 1,200 fect in width, but before 
Bad river is reached it has entirely disappeared. The indications are 
that in all these diabase belts there is a subdivision into different flows, 
as described by Professor Pumpelly, but, from the scattered positions 
and often unfavorable nature of the exposures, it has not been possible 
to establish this for all portions of the southernmost and broadest of 
the belts. A pretty distinct succession of flows can be made out, 
however, on the Gogogashugun river, and somewhat less distinctly on 
the Upper Montreal. The diabases interstratified with sandstone and 
shale, as seen on the Montreal and Potato rivers, are very distinctly bed- 
ded, nearly every flow being characterized in a pronounced manner by its 
amygdaloidal, pseudo-ainygdaloidal and compact divisions. The same 
is true, though less markedly, of the two broad diabase bands next 
south from these alternations, as seen on the Potato river, Tyler’s Fork, 
and on the Bad and Brunschweiler rivers. 

In kinds of rock there is some distinction between the several bands. 
In the belt of alternating diabase and fragmental rocks, and in the two 
belts next to the southward, the prevailing diabase is the typical rock 
of Michigan, much more frequently, however, showing a tendency to 
the laumontite-calcite change of the amygdaloidal portions, than to the 
epidote-quartz alteration, which, according to Pumpelly, characterizes 
the amygdaloids of the Keweenaw Point region. In these bands the 
black, compact rock of the Ash-bed type is quite subordinate, though 
present. The broad belt, which, east of Bad river, lies to the north of 
the gabbro belt, is not so well known as the more northern ones, but it 
includes evidently a very much larger proportion of the Ash-bed type of 
rock. The diabase of the ordinary kind, included in this belt, is, judg- 
ing from the exposures seen, much less prone to decay, and more rarely 
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amygdaloidal than in the more northern belts. The laumontitie decay 
has never yet been noticed here, and the epidotic change in a few instances 
only. Some of the exposures examined show a comparatively coarse- 
grained rock, approaching the gabbro that lies further to the south. 

Of the diabase marked on the map as taking up the whole width of 
the eastern extension of the gabbro belt in the vicinity of the Gogoga- 
shugun and Montreal rivers, there are two distinct divisions. That on 
the south, occupying about half the width, is nearly always a greenish, 
distinctly crystalline rock, of fine grain, and often highly amygdaloidal. 
The amygdules of quartz, chalcedony, chlorite, orthoclase and epidote 
are of unusually large size, and often elongated into cylindrical shapes. 
In the more northern part of this area the black Ash-bed diabase ap- 
pears to prevail, though interstratified with the ordinary diabase, which 
has not been noticed in a highly amygdaloidal condition. 

The interesting manner in which the several bands of diabase and 
porphyry thin out as they are followed from the Montreal to Bad river, 


has been noticed on a previous page. 


On Bad river.— All the exposures of diabase known on Dad river are 
in the immediate vicinity of its junction with the Tyler’s Fork branch, 
Sec. 17, T. 45, R. 2 W., where are also large exposure of porphyry and 
of the clastic rocks of the Keweenaw series. The topography of the 
vicinity of the junction of these two streams has already been described 
in some detail, and is further illustrated by Plate XII, which also in- 
dicates the geological structure. The several rock beds have here a 
vertical position, with a curving strike, as indicated on the plate. The 
diabase beds have evidently the same divisions into compact, pseudo- 
amygdalvidal and amygdaloidal zones, as displayed so constantly in the 
corresponding rocks of Keweenaw Point, but they appear to have here 
a much greater thickness, and, moreover, to be less distinctly marked 
from each other than in that region. Bad river, in a large part of its 
course through the diabase, makes a small angle only with the strike, so 
that the very large exposures seen both above the falls and in the gorge - 
below, do not give us a knowledge of a very great thickness. 

On Tyier’s Fork the exposures are not nearly so large, but here the 
stream passes more directly across the strike, and the thickness seen is 
very considerable. At the time of my examination of this place (1873) 
the courses and subdivisions of the several layers were not made out, 
nor indeed were the relative positions of the several exposures fully 
understood until after the field notes had been studied. From the large 
number of specimens collected, however, the existence of at least eight 
distinct layers within the exposures in Sec. 17, has been since made 
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out. Each of these has its compact, pseudo-amygdaloidal and amygda- 
loidal portions, and the ageregate thickness in sight is some 1,600 feet. 
Descending Bad river, the first exposure is met with at about 400 feet 
north of the quarter-post, on the south line of Sec. 17. From here low 
ledges are nearly continuous around the horseshoe bend of the river to 
the falls, and show, as far as a point 300 feet north and 640 east of the 
quarter-post, or nearly to the workings of the old Ashland mine, a com- 
pact, dark purplish-brown to reddish-brown, altered, diabase (3,270 to 
3,275). At the Ashland mine the amygdaloidal portion of this bed 
comes in. 

Beyond, to the falls, we are in the lower compact portion of another 
great bed, of which the amygdaloidal portion (39) comes in at the falls. 
Below the falls the rock is again compact to the end of the high 
rocky point which here divides the river. Beyond this again is 
a pseudo-amygdaloid, and then a true amygdaloid all the way to the 
junction with the overlying porphyry, which is only about 100 feet 
above the mouth of Tyler’s Fork. The compact portions of these beds 
are close-granular, dark grayish where freshest, but more commonly 
some shade of red, from a dark purplish-brown to a bright red, the 
color depending of course on the degree of alteration the rock has 
undergone. The most common amygdules are of a pale grecnish 
prehnite, ordinarily one-tenth to one-twentieth inch across, though 
occasionally reaching one-fourth inch. Dark green chlorite, laumon- 
titic cleavable calcite, and quartz are a'so frequent amygdules. Often 
the whole mass of the amygdaloid is calcitic, effervescing briskly with 
acids. Other places occur in which both matrix and amygdules appear 
to have given way to a Jaumontitic change. 

Ascending Tyler’s Fork we meet first the red porphyry, over which 
it falls at the junction with Bad river, and then the same layers that 
are in sight on the main stream. The first massive rock above the 
falls (139; sp. gr., 3.06), the same as that just below the falls on Bad 
river, is very dark colored and aphanitic. In the thin section under 
the microscope are seen labradorite; augite, partly fresh and partly 
altered to a green non-dichroitic material; and altered chrysolite (Pum- 
pelly). The alteration of chrysolite is to a greenish, feebly dichroitic 
substance, and to blood-red scales and seams of ferric oxide. Further 
up, we cross a pseudo-amygdaloid, the same as that below the amygda- 
loid of the Ashland mine, the matrix being of a dark purplish-brown 
east, and the pseudo-amygdules prehnite and calcite. Since Tyler’s 
Fork crosses the strata usually at right angles, we soon reach the horizon 
of the highest rock seen on the main stream. This is at a point some 
700 feet west and 800 north of the southeast section corner. Continu- 
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ing the ascent above this point, we meet similar alternations of com- 
pact (144) and amygdaloidal (143) diabase as far as the east line of the 
section, and beyond. 


East of Bad river, as already shown, the exposures of the diabase 
are chiefly in the beds and the sides of the larger streams. On Tyler’s 
Fork above the exposures in Sec. 17, already described, the diabase ex- 
tends only a few hundred steps along the stream, where it gives place 
to a purplish quartz-porphyry, which appears to be the rock across Sec. 
16 to within 500 steps of the east section line. From here Tyler’s Fork 
is without ledges as far as the rapids in the southeast quarter of Sec. 
5, T. 45, R. 1 W., where a green-and-red-mottled gabbro is seen, as de- 
scribed on a previous page. 

On and near the middle of the east line of Sec. 12, T. 45, R. 2 W., 
are several low ledges of a much altered dark-colored diabase (3,160). 
These are very near the northern limit of the gabbros. 

On the old Ironton trail, in the northeast quarter of Sec. 34, T. 46, 
R. 1 W., several diabase ledges were noticed. These are also very near 
the northern limit of the gabbro, several large exposures of which were 
seen a short distance southward along the trail. The rock seen here is 
an aphanitic, greenish to nearly black, highly altered variety, with spe- 
cific gravity 2.86, and containing, as shown by the thin section, oligo- 
clase, angite in remnants, titanic iron altered to a white substance, 
chlorite, epidote, and quartz (Pumpelly). Twenty rods to the south, 
on the trail, a red, felsitie porphyry (164) is in sight. 

On Potato river, the exposures of diabase are large, especially of those 
beds lying immediately below the fragmental members of the series. 
On the upper portions of the river, sections 23 and 26, T. 46, R. 1 W,, 
numerous low outcrops of a blackish diabase are seen. Near where the 
river crosses the north line of Sec. 26, the rock is compact, black, micro- 
crystalline and conchoidal. fracturing, belonging to the “ Ash-bed type.” 
The thin section shows labradorite, angite in small grains, a green sub- 
stance in clouds of granular masses, and magnetite (Pumpelly). A 
specimen (161) brought from 300 paces above the mouth of the creek 
in Sec. 23, shows a highly crystalline black rock, with numerous small, 
lustrous surfaces. Under the microscope the plagioclase seems to be the 
principal ingredient, while the augite is seen both fresh and in largely 
altered grains. Magnetite and apatite are both abundant. 

From a short distance below the north line of Sec. 14, to the mouth 
of the Little Potato, the only rock in sight is a pinkish quartz- porphyry, 
while from this latter point downwards for nearly two miles the river 
is without exposures. In the southeast quarter of Sec. 17, 450 paces 
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north and 600 west of the section corner, begins a series of exposures 
which continue almost uninterruptedly to near the middle of See. 18. 
In this distance the river makes three falls of 25, 25 and 32 feet re- 
spectively, besides several smaller ones, and a number of heavy rapids. 
The uppermost portions of these exposures, as far as the southwest quarter 
of Sec. 17, are of diabase, while the remainder are chiefly of corglom- 
erate and sandstone. 

The topography and the positions of the several rock beds in this 
vicinity are indicated on Plate XVII. The exact point at which the 
diabase ceases in descending the river, is 800 feet east, and 1,340 north 
of the southwest corner of Sec. 17. This gives a total width of diabase, 
measured across the general strike, of something over 2,000 feet, and, 
since the dip is nearly 90°, this figure also expresses the thickness. The 
rock is seen at times in the river bed only, and at others in low expos- 
ures on one or both banks, while in a few places precipitous walls 10 to 
40 feet in height rise directly from the water's edge. We have evi- 
dently to deal here with a succession of layers nearly each one of which 
shows the normal divisions into compact, pseudo-amygdaloidal, and 
amygdaloidal portions. The subdivisions are, however, not readily per- 
eeptible except in those few places where the amygdaloidal zone has 
undergone the characteristic laumontitic decay. There are three prom- 
inent zones of this laumontitic rock, which have the general trend of 
the more northern fragmental beds. The same is true of a single red 
sandstone layer, intercalated at 350 feet below (stratigraphically) the 
conglomerate. 

The compact portions of these beds are all closely allied to each 
other, and are all largely altered. The fresh surface is minutely erys- 
talline to aphanitic, with a reddish-brown to dark purplish-brown tint, 
the color varying according to the amount of ferric oxide. Two of the 
beds, according to Professor Pumpelly, are of melaphyr, though macro- 
scopically they differ but little from the compact portions of the other 
layers. The amygdaloids are not nearly so finely developed as on the 
Montreal, the amygdules being of smaller size, and not so thickly 
scattered. The minerals noticed in these amygdules are prelinite, 
laumontite, and calcite. From a series of nearly one hundred speci- 
mens collected here, the following succession of layers has been made 
out, beginning below: 


cel. 
I, Melaphyr: dark reddish-brown, very fine-grained; the lustre-mottlings of = 
greenish spots very small when compared with those of the typical 
rock of Keweenaw Point. In the thin section are seen fresh plagio- 
clase and augite, and highly altered olivine (Pumpelly); in all ....-. 85 
If. Diabase: with pseudo-amygdaloid at top......ccccceccesceees teeta 70 


III. Diabase: massive, 227 feet; pseudo-amygualoid, 70 feet; in | res - 297 
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IV. Diabase: compact, 35 feet; covered, 87 feet; pseudo-amygdaloid and Feet. 


Jaumontitic amygdaloid, 52 feet; in allo... cc ccc cece eee ce ccc eecees 174 
V. Diabuse: compact, and pseudo-amygdaloid......scecccreecccceceeces - 160 
Vo. DAP xcicavdtnesesecineiask «bosses ere ee eee : oA 
VII. Diubase: compact, 20 feet; laumontitic amygdaloid, 110 feet; in all..... 130 
VIII. Diabase: mostly laumontitic amypdaloid.......cccecceeceeceeees eveee 140 
IX. Diabase, and Qiabase-amygdaloid; divisions not made out ........ evvee 660 
Re: ed alos s 66 wean pthc ea oa eke Hos ek ONS NOs Kea Era eeeeawias 9 
XI. Diabase: compact and pseudo-amygdaloid, 200 feet; laumontitic amyg- 
daloid,- 204066 <n all oeisis 5d 5040 65.5.084 Ki aceieaneadene re 2_0 
XII. Diabase: compact and pseudo-amygdaloid...... ieetigis herwaeee sete » 122 
DOA ee cuewabakeswe saene we’ paseeds seewhws s See dinw eewaernes eee 2,067 


T. 46, R. 1 E., is mostly drift-covered. There are, however, several 
large exposures, the principal of which are on the north side of the 
creek running through the southern part of the town. A specimen 
brought from about the northwest quarter of Sec. 35 is a distinctly 
crystalline, dark, brown-and-black-mottled amygdaloid. The grain is 
coarser than usual, the plagioclase crystals averaging 0.2 mm. in 
breadth and 1 to 10 mm. in length. The amygdules are large and 
almost wholly chlorite and calcite. 

On the Flambeau trail, in T. 46, R. 2 E., are several diabase exposures. 
The southernmost of these, a short distance north of a large swamp, 
and near the southeast corner of Sec. 19, is dark greenish diabase, of 
pronounced character, and similar to the rock which is so largely ex- 
posed further to the eastward on the Gogogashugun and Montreal riv- 
ers. A few rods to theeast of this is a ledge of coarse gabbro described 
ona previous page. The diabase is seen along the trail for about a 
mile and a half, north of which, to near the middle of Sec. 7, a coarse- 
grained gabbro appears again to be the principal rock. 

A mile and a half east of the Flambeau trail, on the Gogogashugun 
river, and in a number of places east of the river in Sec. 16, the same 
green diabase is seen. A specimen brought from near the middle 
of See. 16 has a specific gravity of 2.9 and shows under the micro- 
scope, oligoclase, largely altered to chlorite (to the presence of 
which mineral the rock owes its pronounced greenish color); augite, 
abundant and fresh; magnetite in small irregular forms apparently 
fiHing cracks; and pseudo-amygdules of chlorite (Pumpelly). These 
rocks appear to continue along the Gogogashugun river nearly to the 
northwest corner of Sec. 16, where comes in acoarse gabbro, similar to 
that seen along the Flambeau trail. This rock forms here but a nar- 
row belt, the easternmost prolongation of the broad gabbro band so 
prominent in the townships westward from here. All along the course 
of the Gogogashugun the exposures are constant, and show the ordi- 
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nary typical diabase and diabase-amygdaloid, with one interstratified bed 
of felsitic porphyry, and one or two of the black compact diabase of the 
Ash-bed type, to the north line of Sec. 8, beyond which, to the month 
of the river, there are no exposures. 

East of the Gogogashngun a black aphanitie rock was noticed on the 
sonth line of Sec. 9, T. 46, R. 2 E., and further south the green chlori- 
tic diabase is to be seen occupying the same position as on the Gogo- 
gashugun. 

On the Montreal river there is a great display of the green diabase, 
the exposures running along for more than a mile down stream from 
the N. W. 4 of the N. W.4 of See. 13, T. 46, R. 2 E., in which distance 
there are several heavy falls. The southernmost exposures are within 
a few rods of a reddish quartzite belonging to No. XXI of the Huron- 
ian (Atlas Plate XXVI). All of these ledges show a brown-to-pink- 
weathering rock, which is moderately fine-grained, greenish-gray to 
green ona fresh fracture, distinctly crystalline, and amygdaloidal. The 
amygdules are large, often reaching a fourth of an inch in diameter, 
somewhat plenty, and composed of (1) calcite, often with a shell of 
chlorite; (2) pink orthoc!ase; and (3) chalcedony-like quartz. Others 
occur of a cylindrical shape, as much as an inch in length and an eighth 
of an inch in diameter, and composed of a center of greenish epidote, 
around which is a ring of quartz, making up most of the amygdule, 
and beyond this again a shell of very dark green chlorite. Microscop- 
ically, this rock closely resembles the green diabase of the Flambean . 
trail and the Gogogashngun river, of which it is beyond doubt a con- 
tinuation. Greenish and orange-colored patches in the thin section of 
the Montreal river rock seem to indicate altered chrysolite. No definite 
structure was made out on any of the exposures. Dikes were seen one 
to two feet wide, of an aphanitic, black, heavy rock, showing a strongly 
marked eross-columnar structure. 

Below the green diabase on the Montreal river, in Sec. 2, T. 46, R. 2 
E., were noticed exposures of black aphanitic diabase of the Ash-bed 
type, apparently part of the same belt as recognized on the Gogogashugun 
in Sec. 8. From the mouth of the Gogogashugun nearly to the cross- 
ing of the Flambeau trail in the N. E. + of Sec. 21, T. 47, R. 1 E.,. 
there are no exposures on the Montreal. From the trail to the mouth of 
the latter stream, the rocks are alinost constantly in view, often forming 
the walls of deep gorges, or producing rapids and falls. In all this dis- 
tance the rocks forin a continuous series, the layers standing on end, with 
a dip lessening from 90° to about 75°-80° at the lake shore. At the base, 
in the vicinity of the Flambeau trail and the upper fall, diabase and 
diabase-amygdaloid alternate with red sandstone and shale. Farther 
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down the stream are boulder-conglomerate, and alternations of sand- 
stone and black shale, followed by an enormous thickness of red sand- 
stone and red sandy shale. This general succession is shown in the 
map and section of Plate XVIII of this volume, and the details of the 
alternations of diabase and sandstone, with the main features of the 
topography, in Plate XIX. 

The diabase of the beds shown on the latter plate is the ordinary 
typical, grayish to brownish, sometimes reddish rock described by Pro- 
fessor Pumpelly.. The beds are well defined from one another by the 
amyedaloidal portions, Which are here far more strongly marked than 
at any other point in Wisconsin. The lower portions of the flows are 
characterized by a very distinct columnar structure at right angles to 
the bedding. The finest exhibition of both amy qdaloidal belts and 
columnar structure is to be seen at the head of the upper falls, where 
at low water there is a very large surface of bare rock. The following 
is the succession of layers shown on Plate ATX, beginning above, at 
the base of the conglomerate: 
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IV. Sandstone and shale, including the following subdivisions: (1) thin lami- 
nated red shale, 4 feet; (2) purplish, lumpy, fine-grained sandstone, 8 
feet; (3) like (1), 214 feet; (4) hke (2), 6 feet; (5) like (1), very bright 
red, 114 feet; (6) like (2), 5 feet; (7) bright red clay shale, 14 feet; 
LOtal:) coaeionsca due siveeue seats vem es eeese howe de ueeesesaddans 41 
VY. Diabase, including the following subdivisions: (1) amygdaloid with abund- 
ant amygdules of prehnite, laumontite, calcite and chlorite, and with 
seams of laumontite and large patches of calcite in the more thoroughly 
altered portions, having at base a heavy laumontite and calcite seam 
carrying copper, and on which some mining has been done, 25 feet; 
(2) pseudo-amygdaloid, 5 feet; (3) compact portion with distinct colum- 
nar structure, the rock having on a fresh fracture a grayish color and dis- 
tinctly crystalline appearance, though very fine-grained, 70 feet; in all 100 
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VII. Déabase, with subdivisions a8 in V .....ccesccccescccccccscscoes Saws 92 
VIII. Red sandstone and shale............ PilpatireWinwne nturebee waves ease 20 
IX. Diabase with subdivisions as in V; compact portion dark chocolate brown 50 
X. Reddish conglomeratic sandstone ......ccceccecceccceccecccesccecese 60 


XI. Diabase, including: amygdaloid, 10 feet; compact portion, 20 feet; in all, 30 
XII. Diabase, including: amygdaloid, 5 feet; compact portion, 20 feet; in all, 25 


XIII. Diabase, with usual subdivisions........cecescsccccccecsccvcccccsecs 10 
RAY; COnGlomerde 03's vusiccsm tai gh eyseseceowen sence ie bies ceuawress ‘cavess oo 
XV. Red sandstone and shale..... Glaseee awe Saneiwne eee eba eae tee Vemeenas 60 
XVI. Diabase, with usual subdivisions..........cesccccccccceccccesceccecs 60 
XVII. Red sandstone and shale.......... cece ccc cece cece cece ccccccccccees 20 


XVIII. Compact, dark greenish-gray diabase, with amygdaloid at top, and 
showing a tendency to a cross-columnar structure........eeccees eats 21 
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XIX. Diabase, including: (1) amygdaloid, in many places showing a tendency 
to cross-columnar structure, some bands almost completely made of 
amygdules, and others with but few, 15 feet; (2) compact portion, 
highly columnar, 8 feet; in all.........cccec cece ccccesceesececece 23 
XX. Diabase, including: (1) amygdaloid in distinct bands as in X1X, some 
of the bands showing a change to laumontite and calcite — the amyg- 
dules, in order of abundance, being prehnite, pink orthoclase, ortho- 
clase and calcite, orthoclase and prehnite, calcite, 11 feet; (2) compact 
portion, with columnar structure, 10 feet; in all..... ssececmassadane 21 
XXI. Diabase, including: (1) amygdaloid, in many places altered into laumon- 
tite seams, 2 feet; (2) compact portion, 20 feet; in ull.............. 32 
DORs HEGsClay SHAE seks rites eeuoln cn c5t eas byte whee eed wee eek 5 
XXIII. Diabase, wrthout amygdaloid 10 
XXIV. Diabase, including: amygdaloid, mostly covered, 15 feet; compact por- 
Tion,.40 fects in Wl cei ea selean ews dks bars Cae eG asa ose Seen 50 
DN Vc COVETED sav ewinn ba ledoad na auc ars et Gus nenduaucses wie seca cue eee we 185 
XXVI. Red shale 40 


oe ee eeoereeea eee ete ee ee eee eee ee ee eee eee ee eos eeeoe we eseeoeee ee 8 


Beyond the limits of Plate XIX, and up the river to the trail, there 
are numerous exposures of Nos. XVI to XXVI. A specimen of the 
rock at the trail has been examined by Professor Pumpelly, according 
to whom it is a typical diabase pseudo-amygdaloid, containing anorthite 
and augite, with chlorite and calcite in the amygdules, which are ex- 
eeedingly small and not readily recognizable with the naked eye. It is 
a brownish rock minutely speckled with white and green. 


West of Bad river, the only exposures of diabase that have been 
seen are on Silver creek and the Brunschweiler river. 

The exposures on Silver creck are chiefly in sections 15 and 22, T. 45, 
R. 3 W. Where the Wisconsin Central road crosses, in the south half 
of Sec. 10, the creek is in a steep-sided ravine 85 feet deep, with 
banks of red clay. Ascending from here the ravine continues with 
about the same depth to the south line of Sec. 15, where it shallows 
and becomes narrower. The exposures are all low, never rising more 
than five or ten feet above the water. The northernmost rock (130; 
sp. gr., 2.67) is about 20 rods below the forks, and near the south line 
of Sec. 15. It is a dark-brown, soft, and highly altered diabase, the 
matrix changed to reddish lanmontite, and the amnygdules of laumontite 
and calcite. From here, up the left hand or western fork, small expos- 
ures continue of a similar rock (132, 133), often showing also the 
epidotie change. Abont half a mile up the same creck are low ledges 
of a brick-red compact felsitie porphyry (134), beyond which are again 
sinall outcrops of altered diabase-amygdaloid (135). The eastern fork 
is without exposure. 
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On the Brunechweiler river in sections 15 and 22, T. 45, R. 4 W., 
the exposures are much larger than on Silver creck. There are also 
ledges in the creeks to the west of the river. On the river itself, the 
rock immediately succeeding the gabbro is a non-quartziferous por- 
phyry (65), having a brown matrix and Jong thin plates of reddish 
feldspar. This is succeeded by a narrow belt of brick-red felsitie por- 
phyry, over which the river falls, near the south line of See. 15. The 
quartzless porphyry is seen again on the east side of Sec. 15, near the 
quarter-post. Both here and on the river the next rock above is a black, 
aphanitic, conchoidal-fracturing diabase of the Ash-bed type, with a width 
of some 60 paces. Below this on the river there are no exposures for 
200 to 300 paces, when small ones appear of a reddish porphyry, 
succeeded by others of the ordinary diabase and diabase-amygdaloid, 
the latter for the most part largely altered to Jaumonite. These extend 
down the river fur some 300 paces. Beyond these are no exposures 
until the southeast corner of Sec. 10 is reached, where are ledges of 
conglomerate. 

In the northwestern part of T. 44, R. 5 W., are a number of low 
diabase exposures. In T. 44, R. 6 W., and beyond, they become more 
numerous and larger, as described by Professor Chamberlin in another 
part of this volume. 

Granite. é 

The same coarse granite that is found cutting the upper mica-schists in Crh bean ” 
of the Huronian penetrates also in veins and vein-like masses the gab- teh, jp S207 
‘bro at the base of the Keweenawan System. It is RE a a 5 muse: fred 
in color from pink to red, mottled with white, gray, and black. The 
constituents, mentioned in order of importance, are pink orthoclase, but 
little altered, in grains which frequently reach one-fourth to one-half 
inch in length; gray translucent quartz in grains up to about two-tenths 
of an inch in diameter; abundant black lustrous biotite, in minute 
flakes; also rarer and smaller white plagioclase and still rarer magnetite; 
apatite. The quartz of this granite, as is commonly the case with the 
coarse-grained intrusive granites, is crowded with liquid inclusions, 
which in some cases cloud the grains, and not unfrequently contain 
separate cubes of sodium chloride. The coarseness of grain, the highly 
crystalline texture, the entire absence of a laminated arrangement of 
the constituents, and of any indication of a clastic origin, and the com- 
parative richness of the quartz in fluid inclusions, all serve to distin- 
guish this granite from that which is merely a dependency or particu- 
lar phase of the Laurentian gneisses, and at the same time to ally it to 
the true intrusive granites, Thatit really is intrusive is proven by the 
position it has been found occupying both in the mica-schists of the 
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Huronian, and in the Keweenawan gabbro. Ina number of places, how- 
ever, the same coarse granite has been seen rising in low mound-like 
forms, without neighboring outcrops of the including gabbro, and this 
has given rise to the erroneous idea that the belt I have described as 
made up of gabbro, is composed largely or entirely of granite. 

Messrs. T. B. Brooks! and C. E. Wright have found, in the Mar- 
quette and Menominee districts of Michigan, a granite formation, re- 
garded by them as indigenous, at the summit of the Huronian system, 
and Mr. Brooks has assigned the rock now under discussion to the same 


horizon, having the erroneous impression mentioned above. J am un- 


j 


acquainted with the upper Huronian granite of these gentlemen, but 


‘in the Bad river country we have unquestionably to do with a true in- 


trusive (exotic) granite, which is quite subordinate in quantity to the 
gabbro it penctrates.? 

Detailed descriptions have been given in preceding pages, of the 
granite cutting gabbro at the falls of Bad river, See. 30, T. 45, R. 2 W,, 
as also that found cutting both mica-schist and gabbro in the north- 


' Am. J. Science and Arts, March, 1876. 

*Mr. Wright, who has had occasion to examine the Bad river granite in one or two 
places, in his report as Commissioner of Mineral Statistics to the state of Michigan, al- 
ludes to the Laurentian and upper or Huronian granites at some length, stating that 
all of the Michigan and Wisconsin varieties of which he has examined thin sections, 
are metamorphic, 7. e., are indigenous or merely sediments altered in place. This con- 
clusion he bases, however, on the wholly erroneous idea that an igneous (intrusive) gran- 
ite is always characterized by the absence of liquid-filled and presence of glass or stone- 
filied cavities, in the quartz, these characteristics being inverted for the metamorphic 
(indigenous) granite. But the true intrusive granites are well known to carry quartzes 
in which the hquid-filled cavities are in especial number and abundance, many holding 
the salt cube of which Mr. Wright speaks; while glass and stone-filled cavities have 
never been observed in true granular granites, their existence even in those varicties 
which carry crystals of quartzin a base approaching that of the felsites being strongly 
questioned by such authorities as Zirkel and Rosenbusch. The term igneous, used by 
Mr. Wright, who seemsalso to hold to the unwarrantable theory that the original rock 
of the earth's first-formed crust would be granite, is one not applicable to any granites, 
since even in the case of the exotic kinds the relation of the constituent minerals dis- 
proves a true igneous origin. The quartz of granite is always the last-formed mineral, 
whereas, from its infusibility, it would certainly be the first to form in cooling from a 
state of fluidity. All the facts go to show that the true intrusive granites are but 
sediments softened by what has been termed aquo-igneous fusion to a degree of plastic- 
ity sufficient to allow of their penetrating fissures in the adjacent formations. The in- 
trusive or exotic granites, and the metamorphic or indigenous granites, have thus 
had about the same origin, and there are no lithological characteristics whatever, either 


; microscopic or macroscopic, by which we can distinguish them in specimens. See H. 
ee 


Rosenbusch, in ‘‘ Microscopische Physiographie der massigen Gesteine,”’ pp. 8, 9; also 
‘‘ Microscopische Physiographie der petrographisch-wichtigen Mineralien,”’ p. 225. F. 
Zirkel, ‘‘ Microscopische Beschaffenheit der Mineralien und Gesteine,’’ pp. 105, 317; 
also, ‘‘Geological Survey of the Fortieth Parallel,’’ Vol. VI, pp. 58, 59. 
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eastern portion of T. 44, R. 3 W., and southeastern of T. 45, R. 3 W. 
The other granite exposures, which, so far as known, occur wholly in 
the towns west of Bad river, show exactly the same rock. The posi- 
tions of a number of these are indicated on Atlas Plate XXII. Fig. 2 
of Plate XV C of this volume, shows the appearance of sections of this 
granite under the microscope. 


Granitic Porphyry. 


In the vicinity of the Ironton trail, in the southern part of Sec. 34, 
T. 46, R. 1 W., have been noticed ledges of a bright red rock (165), 
which shiadroseupically appears to consist of a compact red base, in 
Which are developed numerous sinall cleavage surfaces of orthoclase, 
and minute dark gray quartzes. A few particles of greenish chlorite 
also appear. The silica content is 72.5, and the specific gravity 2.63. 
These characters appear to place it with those granite-like rocks which 
stand between the true granites and the felsitie porphyries. Under 
the microscope the quartz and orthoclase are the main constituents, 
with magnetite and chlorite as accessories. The quartz carries very abund- 
ant fluid inclusions, often reac’iing .015 mm.in length. Most of 
these hold a bubble, which is at times stationary and in other cases 
moves rapidly from side to side of the cavity. The orthoclase erys- 
tals are both clear and red-stained. The latter are most plenty, and 
are often rendered nearly opaque by the decomposition and red iron 
oxide which stains them. 


Felsitic Porphyries. 


Interstratified with the diabase beds of the Keweenawan System, are 


bands nade up of felsitic porphyries, mostly of the quartz-porphyry — 


kind. These rocks have the usual characters of allied rocks in other 
regions, namely a felsitic base of orthoclase and quartz— and conse- 
quently a high silica content — which may contain macroscopic crystals 
of orthoclase and quartz, or one of these alone, or neither. All of these 
varieties are found. The prevailing color is some shade of red. One 
of the most abundant and least altered kinds has a lilac to pink matrix, 
in which are scattered black quartzes, full of fluid inclusions, and por- 
cellaneous orthoclase. In some of the red varieties the orthoclase crys- 
tals and orthoclase base are more or less completely altered, and the 
softened rock is easy to confound in the field with some of the red- 
stained and highly altered diabases. 

In one or two places these porphyries have been noticed having a 


distinctly conglomeratic character, and in one or two other places are 


seen to grade into a fine- grained rock of of clastic appearance. Since~ 
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similar appearances are known with other ancient porphyries,' and 
since in the Michigan region all the porphyry beds yet studied in detail 
are distinctly clastic, a strong suspicion is aroused as to the possible frag- 
mental nature of all of the apparently compact porphyries of this region. 
Should we regard them as certainly eruptive, we should be led at once 
to reject Richthofen’s law as to the succession of acid and basic rocks, 
as far as the more ancient formations are concerned, for here we have 
distinct alternations of the two kinds. In Donglas county, on the 
north side of the great synclinal, Mr. Sweet has fonnd similar alterna- 
tions, the porphyry without indication of clastic origin. 

The southernmost of the several porphyry belts recognized is that 
represented by low exposures in the vicinity of the Ironton trail, in the 
eastern part of Sec. 34, T. 46, I. 1 W., and again on the Potato river 
in Sec. 35 of the same township. From its position it seems not im- 
probable that the porphyry in sight on the Gogogashugun river, near 
the north line of Sec. 8, T. 46, R. 2 E., belongs to the same belt, which 
appears to have but an inconsiderable width when compared with the 
more northern ones. It is possible that the red rock on the Brun- 
schweiler river, in the north part of Sec. 22, T. 45, R. 2 W., belongs 
also to this horizon, but it has distinct gabbro both north and south of 
it, and is at such a distance from the other exposures named, that this 
must remain a mere conjecture. 

The rock seen on the Brunschweiler is a light pinkish to brick-red 
and even purplish-red felsite (sp. gr. 2.52), showing only rare and small 
erystaliine facets to the naked eye. It is exposed both on the river 
and also at a point some 30 to 40 rods west. The rock near the Iron- 
ton trail in Sec. 34, T. 46, R. 1 W., is not well exposed, and is much 
weathered and brown stained. It appears to approach closely to that 
seen on the Brunscliweiler. The same is true of the rock on the Potato 
river, in the north part of Sec. 35. The exposures of porphyry on 
the Gogogashugun form a belt just 100 paces in width, bounded both 
north and south by diabase. The northernmost exposures lie but a few 
steps south of the north line of Sec. 8, T. 46, R.2 E. On the northern 
border of this porphyry is a narrow belt, two paces wide, of a hard but 
distinctly Jaminated_sh shale-like rock. The porphyry itself (3,026 to 
3,028) has an- exceedingly hard, pi pinkish to dark purplish-red matrix, 
the lighter colored kinds carrying small porphyritic quartzes, the darker 
varieties small brick-red orthoclase facets, and also showing a minute 
blackish green mottling due apparently to chlorite. 


1In Eastern Massachusetts, near Boston, very ancient felsitic porphyries show every 


possible stage of alteration, from conglomerate to compact porphyry. See T. P. Bouvé: 
Proceedings Boston Soc. Nat. Hist., 1862, p. 57; 1876, p. 217. 
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The second porphyry belt, one of the two principal ones, is known 
from exposures on the Brunschweiler, Silver Creek, Tyler's Fork, and 
the Potato, it having apparently a much greater width in its eastern, 
than in its western portions. On the Brunschweiler this belt is not 
over 100 paces in width. The rock is seen at the foot of the falls, near 
the south line of See. 15, T. 45, R. 4 W., where it is a brick red felsite 
(sp. gr. 2.62) almost without crystals. On the west fork of Silver creek, 
northwest quarter Sec. 22, T. 45, R.3 W., a precisely similar rock (134) 
is seen in a small and low exposure. 

On Tyler’s Fork the exposures which appear to belong to this belt 
are in the southern part of Sec. 16, T. 45, It. 2 W., where the river has 
an easterly course. Here are a number of low ledges forming rapids 
in the bed of the stream. The ledge 500 paces down the stream from 
the east line of See. 16 shows, for a width of 100 feet, the characters 
of the ordinary porphyry conglomerate of the Keweenaw System. On 
the other exposures the conglumeratic appearance is not evident. Some 
of the rock is a dark red, exceedingly compact, jointed felsite, but most 
of it has a pinkish to lilac base (145), thickly studded with white porcel- 
lanous erystals of orthoclase, the larger ones one-eighth inch by one- 
twentieth inch in size, and smaller dark gray glassy quartzes. If there 
are no beds of the diabase intercalated in the covered spaces, the 
porphyry has here a width of as much as §00 to 1,000 paces. 

On the Potato river, in Sec. 15, T. 46, R. 1 W., from the mouth of 
the little Potato up the stream for several hundred paces are low out- 
crop of a rock (162; sp. gr. 2.58) very close to that last described. 
Under the microscope it presents a wholly crystalline base, in which 
orthoclase appears to predominate, and which includes numerous mi- 
nute, yellow and blood-red scales of ferric oxide, to which the color of 
the rock is probably due, as also minute particles of magnetite and 
biotite. Quartz and orthoclase occur porphyritically, both showing 
often in the section sharp linear outlines. The quartz is crowded with 
liquid inclusions, while the orthoclase is dulled and whitish. Above 
the Ironton trail to the southeast part of Sec. 15, other porphyry ex- 
posures occur. That seen in Sec. 15 is a brick-red felsite. If all these 
ledges indicate one porphyry belt, which is by no means necessarily the 
case, its width is as much asa mile. Brick red felsite is to be seen at 
several points along the course of this belt, in the northwest part of T. 
46, R. 1 E., and southeast of T. 47, R. 1 E., but where it would strike 
the Montreal river there are no exposures. 

The third and northernmost porphyry belt is known from exposures 
near the Brunschweilor in Sec. 15, T. 45, R. 4 W., and on Bad river, 
at the mouth of Tyler’s Fork, Sec. 17, T. 45, R. 2 W. The exposures 
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at the latter place are very large. The gorge of Bad river is cut for 
some distance through the porphyry, and the fall of 45 feet at the 
mouth of Tyler’s Fork is over the same rock. The position of the ex- 
posures and their relations to the adjoining conglomerate and diabase 
beds, will be best understood from an inspection of Plate XVI of this 
volume. 

We have here several phases of porphyry in the same bed; (1) the 
lilae porphyry, like that described above as characterizing much of the 
middle one of the three porphyry belts (150); (2) a much altered quartz- 
porphyry (37, sp. gr., 2.58; 42, sp. gr., 2.60) having a brick-red, some- 
what softened matrix, scattered through which are minute brighter red 
orthoclases, and dark gray to black quartzes; and (3) an exceedingly 
compact, dark red to brown, highly jointed_rock (138, sp. gr., 2.7), with- 
out sign of porphyritic feldspar or quartz. Aceording to Professor 
Pumpelly, the second one of these varieties shows in the thin section 
abundant quartzes, into which club-shaped masses of the felsitic base 
project, and orthoclases almost wholly decayed to a kaolin-like sub- 
stance. According to the same authority, the last named variety is 
merely an aggregation of tabular crystals of orthoclase, stained brown 
with iron oxide. This variety comes from the upper portion of the bed 
and immediately below the conglomerate, where it is cut up by two sys- 
tems of joints into small, smooth-faced fragments a few inches on a side. 
In many places the joint-cracks have since been filled with calcite, 
which, in the uppermost 25 or 30 feet, makes up a large part of the 
whole mass. 

; Conglomerate. 

Besides the conglomeratic phase of quartz-porphyry and the fine 
conglomerates subordinate to sandstone, there are recognized as char- 
acterizing the Keweenawan System, throughout its entire extent, great 
bands of boulder-conglomerate, often many thousand feet thick, and 
made up of rounded boulders from six inches to two feet in diameter. 

One of these great conglomerate beds extends entirely across our dis- 
trict from the Montreal river to the west line of R.5 W. Further west it 
appears to be present ata number of points described in the notes left 
by the late Mr. Strong. It seems to have been thus traced for a 
total length of 70 miles in Wisconsin. It also certainly extends 
along distance eastward into Michigan, being distinctly recognizable 
as far east as the Porcupine Mountains. Like all of the beds lower 
down in the system, it lessens in thickness as it is traced westward, be- 
ing 1,200 feet thick on the Montreal, over 700 on the Potato, and only 
about 300 on Bad river, west of which it appears to widen again, though 
this is partly due to a flattening in the dip. The constituent boulders 
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include many of felsitie porphyry; more are of the ordinary diabase 
and diabase-amygdalvid, and in some places quartzite boulders are 
plenty. The matrix, which is often almost wholly excluded, is a 
dark reddish-brown sandstone, composed apparently of the same mate- 
rials as the boulders in a finer condition. The stratification of the 
mass is in many places only evident from the occurrence of thin layers 
of sandstone with few or no boulders, There is often much calcite 
between the boulders and sand grains, evidently an infiitration product. 

The conglomerate exposures on the Montreal, the finest in the dis- 
trict, are in Sec. 20, T. 47, R. 1 E. The river passes here through a 
narrow tortuous gorge with walls of conglomerate on each side several 
hundred feet in height. Plates XVIII and XIX will serve to give a 
correct idea of the topography and geology at this place. Plate XVII 
shows the occurrence of the conglomerate on the Potato, Sec. 17, T. 46, 
R.1 W., and Plate XVI does the same for the conglomerate on Bad 
river, Sec. 17, T. 45, R. 2 W. The general course of the conglomerate 
belt is shown on Atlas Plate XXII. On Potato river, besides the main 
conglomerate, 740 feet wide, there are four narrower bands, separated 
by shale and sandstone layers, and ranging from seven to forty feet in 
width. On Bad river there is a distinct graduation into the overlying 
sandstone. 

Sandstone and Shale. 

Above the boulder-conglomerate just described, and forming the 
uppermost part of the Keweenawan System, is an immense thickness of 
sandstone, including some red sandy shale grading into clay-shale, and, 
at the base, in the eastern half of the district, layers of blackish shale 
interstratified with a peculiar hard, gray to brown and _ brownish-red 
sandstone, unlike the ordinary red variety. Immediately below the 
boulder-conglomerate, also only in the eastern part of the district, red 
sandstone and shale are interstratified with diabase and diabase-amyg- 
daloid; and further down in the series occasional indications of inter- 
stratified sandstones are met with. 

The alternations of red sandstone and shale with diabase and diabase- 
amygdaloid immediately below the conglomerate, on the Montreal 
river, are given on page 191 and on Plate XTX. In a total thickness 
of about 1,200 feet, there are here 289 feet of sandstone and shale, in 
nine different beds, ranging from five to sixty feet in width. The rock of 
these layers grades from a fine conglomerate through coarse sandstone, 
and thin-laminated, fine-grained, shaly sandstone to clay-shale, the 
color being always some shade of red. All of these are largely made 
of a feldspathic constituent, though quartz is generally present to some 
extent, and bright scales of mica often dot the planes of lamination. 
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On the Potato river these sandstone layers have nearly disappeared, 
there being only one narrow one left, as shown on Plate XVII and ia 
the descriptions given on page 188. 

The alternations of black shale and sandstone mentioned as coming just 
above the conglomerate constitute a sharply marked horizon, and have 
received s separate color on the map and sections of Atlas Plate XXII. 
Like the conglomerate and other members of the series below them, 
they narrow rapidly as followed westward, having on the Montreal a 
total thickness of 350 feet, on the Potato of 250 feet, and on Bad river 
of 120 feet; beyond which it is not known how far they extend. The 
relations of these layers to the other formations, as shown in the gorges 
of the three rivers named, will be best understood from Plates XVI, 
XVII and XVIII of this volume. 

The shale of these alternations is dark purple to black, very soft and 
clayey, and quite regularly laminated. It is possible that it at times 
holds carbon, though in the only specimens tried this did not prove to 
be the case. The shale layers run from ten to fifty feet or more in 
width, and the shale is subordinate in amount to the associated sand- 
stones, into which there is seen in places a distinct graduation. The low 
percentage of silica obtained from a specimen brought from Bad river 
confirms the view that they are merely fine-grained varieties of the asso- 
ciated sandstone. These are dark gray to brown, very close-grained 
and compact, and often appear macroscopically like a very fine- 
grained erystalline rock. A close examination shows fine lines of 
lamination, parallel to which there is a difficult cleavage, affording sur- 
faces thickly dotted with silvery mica flakes. On the Montreal the 
rock rises in massive exposures, often much cross-jointed, and forms 
in several places islands in the middle of the stream thirty or more feet 
in height. 

Under the microscope the thin section of this rock (1,516) shows at 
once its clastic nature, and at the same time the reason for its resem- 
blance to some of the compact diabases of the eruptive portions of the 
system. It proves to be made up chiefly of rounded particles of the 
diabase, and of the constituent mincrals of that rock, some of the par- 
ticles showing only one mineral, others, derived from finer-grained 
varieties, showing the several minerals associated together. A smaller 
number of similarly rounded particles present the appearance of the 
felsitic matrix of a porphyry, and other angular fragments, the orthoclase 
erystals of the latter rock. Only a rare quartz grain is to be seen. All 
of these are embedded in a cement of calcite, in which the rhombohed- 
ral cleavage and twinning in the polarized light are very pronounced. 
Most of the clastic fragments show more or less decomposition, the au- 
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gite being nsually changed to chlorite, and the plagioclase partly 
dulled, though still often recognizable by its twin lainellation. Other 
less easily followed changes have evidently been set up after the for- 
mation of the sandstone. The grains run from 0.155 mm. to 0.45 
mm. in greatest length, most of them averaging 0.25 to 0.35 mm. 
Figs. 1 and 2, of plate XIX A, are representations of the thin sec- 
tions of this rock. 

This sandstone, with its accompanying shale, oceupics apparently 
just the horizon of the silver and copper-bearing rocks of Iron river, 
Michigan, over forty miles east of the Montreal. The succession there 
seems to be closely the same as that on the Montreal, and the silver- 
bearing rock is the same as the rock now under description, which is 
almost wholly without quartzose admixture.'| Assays made on large 
samples of the Montreal river sandstone and shale showed distinet 
traces of silver, but nothing more. 

The great mass of red sandstone which makes up the upper part of 
the Keweenawan System, with an apparent thickness of upwards of 
10,000 feet, is exposed on both sides of the synclinal. Within our dis- 
trict the northward-dipping sandstones are to be secn in the gorges of 
the Montreal, Potato and Bad rivers, while the southward-dipping beds 
are seen at two points only, on Bad and White rivers, at each of which, 
however, there is a considerable thickness exposed. Elsewhere they are 
concealed beneath the glacial drift and Quaternary lacustrine clays, 
although they undoubtedly underlie ali, or nearly all, of the area be- 
tween the lake shore and the northern edge of the highlands. 

In both external characters and composition these sandstones differ 
much from the brown calcitic rock last described. They are for the mast 
part reddish in color, and of a fine to medium grain, more rarely coarse- 
grained. Occasionally light-colored layers are seen. The fine-grained 
kinds become more and more thinly laminated, and more thoroughly 
clayey, as they become finer, grading into a regular clay-shale, in which, 
however, some little admixture may be detected. The clayey material 
is to some extent always perceptible in the coarse kinds, in which quartz 
can often be made out as the main one of the coarse ingredients, feld- 
spars being then also distinctly recognizable to the naked eye. The 
one or two thin sections examined corroborate this. In them are to be 
secn colorless grains 0.225 mm. to 0.5 mm. in length, imbedded ina 
fine-grained reddish matrix. The larger fragments are most frequently 


1 Called quartzite by C. E. Wright; see report of Commissioner of Mineral Statistics 
of the State of Michigan for 1878, p. 202. See, also, Geological Survey of Michigan, 
Vol. III, p. 157, where Dr. Rominger calls the same rock a ‘‘sand-rock hardened by 
abundant calcareous cement." 
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quartz, but a very considerable proportion are plagioclases, and there 
are also some orthoclases. ‘The matrix appears to be made up largely 
of the same ingredients, the feldspars, however, being for the most part 
ultered to a clay-like substance, mingled with which is the oxide of 
iron by which the red color is produced (Figs. 8 and 4, Plate XIX A). 
Many samples will yield a large beard of magnetite on treating the 
powder with a magnet. 

On the Montreal river, the northward-dipping sandstones are exposed 
almost continually from the mouth up to the great conglomerate. The 
total apparent horizontal width here is 12,000 fect, and the thick- 
ness cannot be much less, since the dip is so nearly vertical (Plate 
XVIII). At the mouth of the river the sandstone rises in bold cliffs, 
80 to 90 feet in heicht, directly from the lake, the cliffs stretching a 
long way eastward on the Michigan shore, but ending just to the west 
of the river’s mouth. Up the river there are similar bold exposures, a 
fall of some 90 feet being met with only a few rods from the lake. 
All about here the sandstone layers bear about N. 42° E. (magnetic), 
and dip 75° to 80° to the northward. The thin slaty layers alternate 
with the heavily bedded ones, the former coming out under the hamn- 
mer in large thin slabs, sometimes two or three feet square. Further 
up the river the characters are generally the saine, with but slight vari- 
ation, the vertical sandstone layers in many places rising in cliffs 100 
feet and upwards in height. 

On the Potato river the sandstone exposures are chiefly in the 8. E. 
+ of See. 18, T. 46, R. 1 W., below the last falls. [ere the exposures 
are not so bold as on the Montreal, the rock being often overlaid by 
banks of red clay. The vertical dip is still preserved, the strike being 
N. 45° Ik. The entire thickness in sight is about 1,800 feet. The 
characters are the same as on the Montreal (Plate AVIT). 

On Bad river, See. 17, T. 45, R. 2 W., the thickness in sight is only 
about 300 to 400 feet. The exposures are, however, bold, rising in cliffs 
60 to 90 fect in height. The characters are otherwise the same. 

Southward-dipping sandstones are in sight on Bad river, in Sec. 25, 
T. 47, R. 3 W., near Leihy’s old mill. They form here a series of 
rapids between one and two miles long, but the total width seen is only 
about half a mile, corresponding, with a dip of 38° south, and N. 50° to 
60° E. strike, to a thickness of about 2,000 feet. The saine alternations 
of thin and shaly, and heavy-bedded layers, as noted with the north- 
ward-dipping sandstone, are here to beseen. Figs. 3 and 4, Plate XTX A, 
represent a thin section of a specimen obtained from just below the 
dam at Leily’s. 

Precisely similar rocks are again in sight on White river, N. E. 4 
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of Sec. 6, T. 46, RN. 4 W., at Welton’s dam. Tere the river cuts 
throngh the sandstone and shale for about a quarter of a mile. The 
whole thickness in sight, however, is not more than 300 to 400 feet. 
The dip is 25° S. E., and the strike N. 40° E. 

The following table of analyses will serve to show the composition 
of the several kinds of sandstone deScribed in the foregoing pages as 
belonging to the Keweenawan System: 


1 2 3 4 5 6 7 8 


Silica .....ecc cece eee 04.50 | 49.94 | 55.91 | 51.98 | 75.2% | 69.78 | 72.14] 68.91 
ACAI os sea RS es sl side al wags Ske ew cde a wees Lesa lok accede ea ces 


Of these analyses, Nos. 1 to 3, inclusive, are of the quartzless brown 
sandstone belonging just above the great conglomerate. No. 1 is of a 
specimen (154) from the wall of the gorge of Bad river, Sec. 17, T. 45, 
R. 2 W., about a hundred feet down stream from the conglomerate 
(Plate XVI); and No. 2 is from about one hundred feet further down 
the stream (155). No. 3 is from an island in the Montreal river, north- 
west quarter of Sec. 20, T. 47, R.1 E. <A thin section of thesame speci- 
men (1,516) is represented in Figs. 1 and 2, Plate XIX A. No. 4 is black 
shale (156) interstratified with 1 and 2 on Bad river. No. 5 is a red- 
dish sandstone (158) from Bad river, in Sec. 17, T. 45, It. 2 W., the last 
seen in descending the river from the mouth of Tyler’s Fork. No. 6 is 
a reddish feldspathic sandstone (44) from the falls of Bad river, Sec. 25, 
T. 47, R. 3 W. The thin section of the same rock is shown in Figs. 3 
and 4 of Plate XIX A. No.7 is a somewhat more qnartzose rock 
(45) from the same place. No. 8 is a coarse reddish and greenish 
sandstone (125) from Welton’s dam, Sec. 6, T. 46, R. 4 W. 


ECONOMIC CONTENTS OF THE KEWEENAWAN SYSTEM. 


The Keweenawan rocks have long been known as the “ Copper-Bear- 
ing” series, in allusion to the large amount of copper they contain in 
the typical region of Keweenaw Point. Copper is a constant associate 
of these rocks throughout their entire extent in Michigan and Wiscon- 
sin. Silver generally occurs associated with the copper, though in 
small quantities. It also occurs in independent deposits, especially on 
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the north shore of Lake Superior, where one vein has proved of extra- 
ordinary richness. 

The copper of Michigan occurs entirely in the native state, a thing 
elsewhere observed only in the upper or altered portions of veins con- 
taining other copper minerals. In Michigan there are two classes of 
copper deposits known, the true fissure veins —fissures crossing the 
bedding of the system, and filled by infiltration from the sides, —and 
mineralized belts, or beds of rock impregnated with copper. As shown 
before, the beds making up the copper series are chiefly diabase and 
diabase-amygdaloid of eruptive origin from 20 to 100 feet in width, 
interstratified with porphyry conglomerates and reddish sandstones 
from mere films to many hundred feet in width, in all of which copper 
occurs. The earlier mines were on the true fissure veins; a few of 
which are still successfully worked near the eastern end of Keweenaw 
Point. Much the larger portion of the copper now obtained, however, 
comes from the porphyry conglomerates aud amygdaloids. The latter 
are often largcly epidotic, and, from the contrast they present to the 
surrounding rocks, have often received the name of lodes. They are, 
however, merely amygdaloids which have undergone an extreme degree 
of alteration, brought about by the percolation of water through their 
minute cracks. One of the last results of this alteration has been the 
introduction of copper. The amygdaloids can be worked at a much 
lower percentage than the conglomerate beds, since the latter have such 
an unusual hardness that drilling in them is exceedingly difficult. 

In order to apply to our district the experience obtained in Michi- 
gan, we may first give briefly the facts with regard to the former re- 
gion. 

The copper-bearing rocks in the Bayfield peninsula are, so far as_ 
now known, everywhere deeply buried beneath the drift, and are 
unlikely to become the objects of exploration. In Ashland county, 
however, we have large exposures, cluefly in the beds of the streams. 
The gabbro belt, at the base of the system, is the best exposed portion. 
No copper has been seen here, and no signs of veins, bedding of any 
kind, or interbedded conglomerates. Nearly the same may be said of 
the southern part of the large areca underlaid by diabase in the eastern 
half of Ashland county. Indistinct bedding is to be made out here, and 
in one or two places epidotic bands have been observed carrying minute 
flakes of native copper. There is, however, no such analogy between 
these rocks and those in which the typical copper amygdaloids of Por- 
tage Lake are found as would warrant exploration for copper. Fur- 
ther north, between the Montreal and Potato, is quite a large area 
where but few exposures have been met with, and the rock may or may 
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not be of a favorable character. Still further north we have exposed 
on the Montreal, Potato, Tyler’s Fork, Bad and Brunschweiler rivers, 
and on Silver ercek, a belt in which the diabase and diabase-amygda- 
loids are quite distinctly bedded, and in which copper has been seen in 
greater or smaller quantity at each exposure. Between these rivers 
the rocks of this belt are everywhere deeply buried beneath the drift 
and red clay. At the crossing of each river some little exploration 
has already been done, and on the Montreal and Bad rivers, actual 
mining operations were at one time begun. 

The work on the Montreal was on See. 20, T. 47, R.1 E. The topog- 
raphy and geology of the vicinity of this place have been described on 
previous pages, and are further indicated on Plate XIX of this volume. 
Work was begun here as early as 1846, by the Montreal River Mining 
Company. The property afterwards came into the hands of the Cam- 
brian Mining Company of Detroit, who caused some work to be done, 
but, beyond proving the presence of copper in considerable quantity, 
nothing was accomplished. The principal workings were in an altered 
laumontitic amygdaloid, at the summit of a heavy bed of diabase not 
far from the conglomerate (No. V of Plate XIX). At present little is 
to be seen here except the partially filled excavation, although frag- 
ments of sandstone carrying fine copper may be picked up. One large 
fragment, several hundred pounds in weight, was seen in the river bot- 
tom below the old workings. 

According to a report by! Col. Chas. Whittlesey, the bed? was found, 
on sinking, to have an average width of about five feet, with a vein- 
stone of calcite in which bunches of prehnite, quartz, and fine copper 
are disseminated. Two narrow cross-veins are to be seen in the walls 
of the gorge in the same bed as that including the altered amygdaloid 
above named. They carry calcite, prehnite, and much fine copper. 

On Bad river, near the mouth of Tyler’s Fork, Sec. 17, T. 45, R. 2 W., 
more extensive workings were carried on by the Ashland Mining Com- 
pany, beginning in August, 1864. The geological structure at this 
point is described on page 185, and is further indicated on Plate XVI, 
upon which are shown also the positions of the mine shafts, and the 
course of the levels run. These are taken from a map furnished by 
Mr. J. A. Bailey, the superintendent of the mine. The following facts 
were furnished by the same gentleman. 

The work of the Ashland mine began in August, 1864, and closed in 
February, 1866. The workings sought for copper, both on a “vein,” 
and in the diabase itself. The vein, lying apparently parallel to the 


1«¢ The Montreal River Copper Location,"’ Cleveland, Ohio, June Ist, 1865. 
* Called by him “ vein."’ 
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general bedding, appears to view on the west wall of the gorge just be- 
low the falls. Here it was entered and followed by an inclined shaft — 
angle 35° — which was carried down to the level of the bottom of a 
second shaft sunk at a point some 400 feet south, and to the east 
of the vein. From the bottom of these shafts ganeways to connect 
them were begun, and several hundred feet of other adits driven. The 
vein has a width of nine feet, and carries throughout a brownish 
caleareous spar with fine particles and lJamins of native copper. 
Most of the work was done in the diabase itself. All the workings 
showed small quantities of copper. Mr. Bailey expresses, however, the 
opinion that the prospects were “not very flattering,” but thinks that 
on the east side of the river, and especially on Tyler’s Fork above the 
mouth (Plate AVI), where the bedding is more regular and dis- 
tinct, the prospects are more favorable. 

We may say then, briefly, that, with our present knowledge, the only 
portions of the Keweenawan System within the district likely to bear 
copper, are those belts of diabase and diabase-amygdaloid immediately 
below the great conglomerate, and within a mile from it, and the gray 
sandstones immediately above the conglomerate. The former are well 
exposed on the Montreal river, sections 20 and 21, T. 47, Rt. 1 E.; on the 
Potato, Sec. 17, T. 46, R. 1 W.; on Bad river and Tyler’s Fork, See. 17, 
T. 45, R. 2 W.; on Silver creek, sections 15 and 22, T. 45, R. 3 W.; and 
on the Brunschweiler, Sec. 15, T. 45, R. 4 W. The latter are seen on 
the Montreal, Sec. 20, T. 47, R. 1 E.; on the Potato, Sec. 18, T. 46, R. 
1 W.; and on Bad river, Sec. 17, T. 45, R. 2 W. Should thorough ex- 
ploration, by which is meant, of course, actual mining, fail to develop 
anything at these points, it would be uscless to attempt to penetrate 
the drift which everywhere else covers the rocks. Should the working 
on any one of the rivers seem to promise much, the productive belts 
may be readily followed beneath the drift. J*or a more definite under- 
standing of the positions of these two copper horizons, see Atlas Plate 
XXII. 

The upper one of these horizons, the hard gray quartzless sand- 
stone alternating with black shale, is beyond doubt the same as that 
carrying the silver deposits of Iron river, in Michigan. Samples 
selected on the Montreal showed distinct traces of silver. The amount 
is, however, too inadequate, and the results of working in the Iron river 
region too unpromising to warrant our offering any encouragement 
that this metal will ever be found in paying quantities. 
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CHAPTER V. 
THE LAKE SUPERIOR OR POTSDAM SANDSTONE. 


This formation appears as a horizontal sandstone, underlying the 
lower ground along the entire Jake shore of our district, besides form- 
ing the basement rock of all the Apostle Islands. The considerations 
which have led to the separation of this sandstone froin the Keweenawan 
sandstone, as a newer and unconformable formation, and which warrant 
our regarding it as the equivalent, or at least as the downward continu- 
ation of the Potsdam sandstone series of the Mississippi Valley, have 
been stated at length in Part I of this volume, and need not be here 
repeated. Fora further idea of the area occupied by this formation, 
see Atlas Plate XXI. 

The exposures of the Lake Superior sandstone are almost entirely re- 
stricted to the shores of the lake, on the main Jand and the Apostle 
Islands, and have never been seen reaching more than fifty feet above the 
lake level, so that this figure must be taken as representing the greatest 
thickness certainly known within our district. Further west, in Douglas 
county, the horizontal sandstone reaches to 360 fect above the lake, and 
it is supposed that it may reach nearly or quite as high on the flanks 
of the high land of the Bayfield peninsula. (See section attached to 
Atlas Plate X XI.) 

The prevailing color of this rock is some shade of red, from bright 
brick-red to a brownish-red or purplish-red. Pinkish, straw-colored, and 
even nearly pure white varieties occur, either blotching the ordinary 
red rock in small patches, or occuring in layers from an inch to two or 
three feet in thickness. Even in the darker varicties the color is gen- 
erally lighter than that of the Keweenawan sandstone. The grain is 
usually quite fine, but is often sufficiently coarse for the detection of 
the individual grains, at least with a pocket lense. Much of the rock 
is very friable. Analyses and microscopic examinations show that there 
is always a large preponderance of quartz-grains, which are from angular 
to sub-rotund in outline, never showing the extreme degree of round- 
ness that characterizes the constituent grains of the Potsdam sandstone 
of the Central Wisconsin region. Mingled with the quartz grains are 
generally more or less — the amount varying — of feldspar grains, both 
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orthoclase and plagioclase. The feldspar grains appear, however, to be 
represented more commonly by the little soft, white clay specks that can 
readily be detected with the naked eye in all but the finest kinds, and 
which do not appear in the thin section. Coating the grains of quartz 
is the reddish iron-stained matrix, largely clayey. In no specimen has 
any trace of lime-carbonate been detected, and in the thin sections 
which I have examined under the microscope, no sign of any deposi- 
tion of material from solution in the interstitial spaces, which are often 
seen in the section without even the clayey matrix in them. 

In some of the fine-grained varieties there is an approach to a clayey 
shale, though no distinct clay-shale like that seen with the Keweenawan 
sandstone has been observed. The following analysis, by Mr. E. T. 
Sweet, of sandstone from Bass Island, gives a fair idca of the compo- 
sition of the general run of this rock: 
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Of several other specimens examined, one from Wilson’s Island 
(55), a very light-colored, medium-grained rock, with many whitish 
kaolinie spots, yielded 91.64 per cent. of silica, being very largely 
quartzose. A section of this rock is figured on Plate XIX A, Fig. 6. 
A specimen from Bass Island, of reddish, rather fine-grained rock 
(54), yielded 89.76 per cent.; and one from Steamboat Island, a 
pinkish, medium-grained kind, 84.13 per cent. 

In structure, the Lake Superior sandstone is heavy-bedded to nearly 
shaly. The following section, taken at the southwest corner of Steam- 
boat Island, is ty Gl of a great many of the cliffy exposures of the 
lake shore: 


Ft. In 
Red marly clay (Quaternary).......scccccccecccccecceveccccseseus 5 
Shaly sandstone, in layers from one-fourth to one-half inch thick; 
light reddish to brown, medium-grained, chiefly made up of sub- 
angular quartz QTAINS ..-. ++ e cece reece ec ec cece eeerecceteneecs 4 9 
Compact sandstone. ...ssssecscecceccescescecrecenscnrsaesssasees 2. 
Shialy sandstone 4.040 ice tyes iedueon neta etbatacaaseacateweaeaecns . 


Compact sandstone; pinkish and moderately coarse-grained, chiefly 
made of quartz grains, but many white clay spots indicating the 
decomposed feldspar ...ssesseesecccsccsecacseecccerseccsecees - 2 
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The shaly and masgive layers are, however, not constant, and either 
will grade into the other in a short distance, the shaly kinds being often 
merely a result of weathering. Often the massive layers have 
a thickness of five fect and upwards, and lie together in consider- 
able thicknesses without intervening thin-laminated seams. In many 
places round bunches of red clay, from an inch to several feet in diam- 
eter, are seen imbedded in the massive sandstone. In other cases the 
clay lies in limited and very irregular seams, from a fraction of an 
inch to several inches thick. Some of the round clay patches appear 
as if formed by the decomposition of granite or gneiss boulders, im- 
bedded in the sandstone at the time of its formation. 

There would be no particular advantage in describing all the expos- 
ures of this formation examined, since one is like another. In giving 
the coast features of the district, and in describing the Apostle Islands 
in a previous chapter, the positions of the various sandstone cliffs have 
been noted in some detail. It may merely be repeated here that the 
easternmost exposure is at Clinton Point—a few miles east of the 
mouth of the Montreal —where there are extensive flat ledges at, and 
just under the water level; that from here to the head of Cha- 
quamegon Bay there are no exposures; that from Tish creek all around 
the coast of the Bayfield peninsula to the west line of the district, low 
sandstone cliffs, from 5 to 20 fect high, and often worn into deep eav- 
erns and arches by the waves, are alincst continuous, being here and 
there interrupted by sand beaches and clay banks; and that nearly 
every one of the Apostle Islands shows similar cliffs on its eastern or 
southeastern side. 


ECONOMIC CONTENTS OF THE LAKE SUPERIOR SANDSTONE. 


The only material of economic value in this formation is the rock 
itself, but this is undoubtedly destined to become one of the most im- 
portant native products of northern Wisconsin. This statement is 
warranted by the great abundance of the stone, by its color and ease 
of working, by the immense size of the blocks obtainable, by the extra- 
ordinary facilities that exist for shipment, and by the fact that, with 
the exception of the rocks quarried from the same formation near 
Marquette and L’Anse in Michigan, there is not a single brown- 
stone that can compete with it in the western market. Indeed good 
building sandstones of any kind are rare in the west. The cream-col- 
ored Ohio stone, from the Waverly group, is the only one of any great 
reputation. The Lake Superior brown-stone coinpares favorably with 
the brown-stones of the Connecticut valley and of New Jersey s0 large- 
lv used in the eastern cities. The Margnette and L.’Anse sandstones 
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are already in considerable demand in Detroit, Chicago and Cleveland, 
and other lake ports, some 50,000 to 60,000 cubic feet being quarried 
annually. 

Two quarries of some size have also been opened in the Wisconsin 
sandstone, on Houghton Point, and on Basswood Island, one of the 
Apostle group. The Bass Island quarry has been most largely worked, 
and, having examined both it and the Marquette quarries, I have no 
hesitation in saying that the Wisconsin stone is in all respects fully 
equal to the Michigan. It is of a somewhat deeper hue, and very uni- 
form in color, while much of the Michigan stone presents a mottling 
of white and reddish-brown, and has to be sorted to obtain stones of 
uniform color. The mottled varieties have, however, a pleasing ap- 
pearance in wall, though not so highly approved of as those of uniform 
tint. 

The Bass Island quarry was opened in 1868, and has been workeu 
somewhat interruptedly since, producing in all a large amount of stone, 
most of which has gone to Milwaukee and Chicago, the court-house 
building at the former place being made of it. At the time of my 
visit in 1873, the quarry had a face twenty-six feet in height, of a 
peculiarly massive appearance, only three continuous bedding joints 
running across the whole face. Several strong inclined joint-planes 
traverse the face, but at such a distance from each other that the only 
limit to the size of the blocks obtainable is the difficulty of handling. 
The stone cents very easily in the quarry, and, as is often the case with 
sandstones carrying a certain amount of clayey admixture, becomes 
very hard and firm on exposure. 

After a thorough examination of nearly every sandstone exposure on 
the Apostle Islands and the adjoining mainland, I can have no doubt 
at all that there are many other points where stone as good as that on 
Bass Island can be obtained. The nearness to the lake, and the conse- 
quent facilities for cheap shipment, ought to make it possible for this 
stone to find a market in all the ports of the great lakes, while the two 
railroads that now reach the western part of Lake Superior, should 
carry it into the interior of Wisconsin and Minnesota, and, via St. Paul, 
to all points in the Mississippi Valley. 
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CHAPTER VI. 
THE QUATERNARY DEPOSITS, 


The object of the present chapter is merely to give a very brief sum- 
inary of the observations made on the Quaternary deposits of our dis- 
trict, which is too small a portion of the whole Lake Superior trough 
to allow of our basing upon the faets observed within it any important 
generalizations with regard to the formations in question. 

It is evident enough that we have here to deal with the same two 
prominent divisions of the Quaternary deposits that Professor Cham- 
berlin has deseribed as characterizing the region bordering the western 
shore of Lake Michigan, viz., the older true glacial drift, and the 
younger lacustrine clays, deposited by the waters of Lake Superior in 
the greatly expanded condition reached by them during the Champlain, 
or Post-Glacial period. 

The Glacial Drift. The true glacial drift is buried throughout all 
of the lower land, and up to an elevation of between 500°and 600 feet 
above Lake Superior, beneath the later lacustrine clays, and is therefore 
only to be seen in the divisions of the district that I have designated 
the “Ridge Pelt,” and the “Interior Tableland,” and on the summit 
of the “Bayfield Ridge.” Even in these portions of the district, the 
forest covering is so dense, and cuttings into the drift so rare, that the 
chances for observations are much lessened. It is evident, however, 
that we have here in a full development all the characteristics of a 
glaciated region, viz., heaps of boulders, sand and clay, without strati- 
fication (except where modified by existing streams), and in certain por- 
tions reaching a trne morainic development; surface erratics of consider- 
able variety, and often of enormous size; striated surfaces; and true 
roches moutonces. 

The general drift covering, with a predominating clayey ground-mass, 
prevails over the whole ridge area, reaching always its greatest thick. 
nesses on the northern slopes of the ridges. The northern slope of the 
Penokee Ranve especially presents everywhere a heavy mantle of d.ift 
In none of this division of the district, however, is anything like a 
morainic development of the drift materials to be observed. To the 
south of the Penokee Range, and especially on and beyond the water- 
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shed, heaped-up drift is frequently to be seen, the underlying gneissic 
and granitic rocks being nearly everywhere concealed beneath an im- 
mense coating of loose materials. The morainic character seems to 
become more and more pronounced towards the southern limit of thie 
district, and further south Professor Chamberlin has made out a true 
“Kettle Range” of mingled rounded and irregular depressions, without 
outlet, and similarly shaped heaps of drift, suchas are observed in the 
moraine belts of eastern and central Wisconsin. The morainic condi- 
tion of drift would seem to characterize a wide area on the highlands 
about the head waters of the Wisconsin and Chippewa rivers. 

The surface erratics include many kinds of rocks, the more common 
of which are dark colored basic rocks (largely of varieties belonging 
to the copper series), red porphyries and granites. Many of these 
must have come from the Canadian side of Lake Superior. In many 
places on the summit of the Penokee Range—several of which are 
noted on the accompanying detail maps of the JIuronian —are to be 
secn numbers of erratics of a very coarse boulder-conglomerate. Many 
of these are very large, reaching ten feet cube, while several were noted 
as much as twenty feet on a side. These have been brought from the 
great conglomerate belt of the Keweenawan series, at points on its 
course somewhere between the Montreal river and the Porcupine 
Mountains of Michigan; and have come in a direction of about 50° 
west of south. This direction coincides with that of the few glacial 
strice observed on the summit of the Penokee Range. 

The rounded summits of the Penokee Range approach in their gen- 
eral shape to true roches moutonces, and these shapes are very distinct 
on the rounded granite exposures of the region to the south of the Pen- 
okee Range. A number of these, with highly polished surfaces, are to 
be secn along the Wisconsin Central road, and in the great windfall, 
in the southern part of T. 44, R. 3 W. 

In this connection should be mentioned the linear arrangement of 
the outlines and groups of the Apostle Islands, and of the contours 
of the adjacent lake bottom as shown in Plate XII. It will be no- 
ticed that there are several depressions shown in the lake bottom, with- 
out outlet, and over a hundred feet deeper than the surrounding por- 
tions. That these depressions and the other linear trends mentioned, 
should be attributed to glacial action does not seem unreasonable. 

The Lacustrine Clays. These underlie all of the lower levels bor- 
dering the lake, above which they rise to altitudes of between 500 and 600 
feet. This carries them well up the front slope of the Copper Range, 
and high also on the flanks of the Bayficld highland. Plate XX of 
this volume serves to show their distribution more definitely. 
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On the Wisconsin Central, the clays reach to an altitude of 560 fect. 
and are finally left, on ascending the railroad line from Lake Superior, 
near where Bad river is first struck, in the southwest quarter of Sec. 
19, T. 45, R.2W. In this vicinity, the clays are seen overlying an 
irregular surface of true glacial or boulder drift. Eastward from Sil- 
ver Creek, Sec. 10, T. 45, R. 3 W., as the railroad ascends the front of 
the Copper Range, the clay is seen in more and more thoroughly de- 
tached patches, with intervening patches of sand and gravel belonging 
to the true glacial drift, the more recent clays having been washed 
off in these places, 

The topography of the clay area has already been fully indicated in 
Chapter I. The streams flowing through it, as also their numerous 
branches, have cut it everywhere into narrow, deep and steep-sided ra- 
vines, Which are always thickly timbered. The sides of the ravines 
not unfrequently show large exposures of bare red clay, where land- 
slips have occurred. On the surface of this area the clay is covered 
by only a very thin coating of vegetable mould, and is nearly always 
to be reached by a single stroke of the spade. The absence of any- 
thing like the gravel of the glacial drift is very noticeable, and boul- 
ders are very rare and small. In leaving the clay area along the line of 
the railroad, the change in this respect is very striking, boulders and 
gravel becoming quite suddenly abundant. 

The clay of these deposits varies largely in amount of sandy admix- 
ture. There is commonly some sand included, though at times it 
seems almost wholly absent, and at others to make up the bulk of the 
formation. The clayey matter is always of a red color and always 
contains a considerable proportion of lime carbonate. The following 
are analyses of samples of clay taken at Ashland. No.1 is froma 
well near the western end of the village; Nos. 2, 3 and 4 are from the 
banks of Bay City creek, at the railroad bridge; and No.5 is from 
the lake bluffs near the shore end of the railroad pier: 
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The stratification of this formation is not evident on close inspection. 
Generally a bank will show more and less sandy portions at different 
levels, but the distinction between the layers is not sharp, and nothing 
like a fine lamination is to be seen. At a little distance, however, from 
the bare clay banks, as is often to be noticed on the shore bluffs of the 
Apostle Islands, the stratification becomes much more evident, from 
the darker color of the moist sandy layers as compared with the lighter 
sun-dried clay. 

It has already been said that boulders are not common on the sur- 
face of the clay area. In many places, however, numerous small 
boulders, chiefly of some dark greenstone-like rock, are to be seen em- 
bedded in the clay, and pebbles of the same and other crystalline rocks 
are abundant. On the shores of some of the Apostle Islands, and in 
places along the mainland coast, dark-colored boulders of large size, 
presumably washed out from the clay, are very abundant. 

The entire thickness of these clays cannot be less than from 400 to 600 
feet, about 100 feet being the greatest thickness scen in any one scction. 

The clay of this formation is often too sandy to be of any value for 
brick making, but there can be no doubt that much of it would make 
an excellent brick. The calcareous admixture, though commonly sup- 
posed to be deleterious, is not so. The famous cream-colored brick of 
Milwaukee contains a still larger proportion of lime carbonate, which, 
with the high temperature at which these bricks are made, gives rise 
to a light-colored lime-iron silicate in the finished brick. 
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APPENDIX A, 


I. 


List oF Punticatrons By CoLoNeEL Citas. WHITTLESEY ON THE GEOLOGY OF THE 
Reaions DrainED BY THE BaD AND MONTREAL RIVERS: 


1. Report of Explorations on the South Shore of Lake Superior, in Wisconsin, 1849. 
Owen's Geol. Report, Washington, 1$52; pp. 425-447; with a map. 
. The Penokee Mineral Range. Proc. Boston Soc. Nat. Hist. July, 1*63; pp. 10. 
. Fresh Water Giacial Drift of the Northicest, Smithsonian Contributions, Article 
197, July, 1864. 
4. Penokee Copper Range. Pamphlet. 1865. 
o. Marangouin Ricer Iron Property, T. 44, R. 5,W., Bayfield Co. Pamphlet report 
to aniron company, 5 pp. Cleveland, Ohio, Jan. 1, 1665. 
6. The Montreal River Copper Location. Cleveland, Ohio, 1865. Pamphlet, 5 pp. 
7. The Magnetic Iron Company's Property, T. 44, R.3 W., Ashland county. Pamphlet, 
7 pp. Cleveland, Ohio, April, 1872. 
8. Transient Fluctuations of Level on Lake Superior. Proc. American Association, 
Portland Meeting, 1879. 


Go NO 


II. 


ForMATIONS OF THE Bap RtvER Country, AS GIVEN BY COLONEL WHITTLESEY IN 
Owen's GEOLOGICAL REPORT, 1852.! 


1. Sedimentary. 
a. Red sandstone. 
b. Black slate. 
c. Conglomerate. 
2. Trappous Rocks, or those of Volcanie Origin. 
a. Black and red amygdaloid trap, and greenstone. 
b. Augitic, hornblendic, and feldspathic rocks, embracing sienites and granites 
of the same age. 
3. Metamorphosed Rocks. 
a. Hornblendic slates. 
b. Iron slates. 
e. Black slates in large, thin, rectangular sheets. 
d. Talcose slates with quartz. 
e. Slaty quartz. 


4. Granitie Rocks. 
a. Sienite, and 
b. Granite, occupying the country south of the mountain range or uplift; the 
oldest rocks seen. 


10f this classification, 1 evidently covers the horizontal sandstones, and the fragmental Kewee 
nawan rocks; 2, the Keweenawan eruptive rocks; 2a, the gibbros with intrusive granite, approx: 
imately; 3, the Huronian, nearly, and 4, the Laurentian. —R. D. I. 
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ITT. 


EXTRACT FROM AN ARTICLE ON THE ‘‘PENOKEE MINERAL RanGe,"’ By COLONEL 
WHIITTLESEY, IN THE PROCEEDINGS OF THE Boston Society oF NATURAL 
History, Jury, 1863. 


{Notrr.— This paper is given here entire, except the last page or two, which treat of the Menom- 
ince river rocks, because it is a summary of Colonel Whittlesey’s resul:s in the Eastern Lake 
Superior District, and embodies all the information obtainable with regard to this region, bevond 
what is given on Colonel Whittiesey’s map (here reproduced), at the time of the beginning of my 
own work. —R. D.1.] 


The copper-bearing strata of Pt. Keweenaw (Lake Superior) extend southwest- 
erly across the boundary of the state of Michigan into Wisconsin. These strata consti- 
tute a long, narrow and bold mountain range from Copper Harbor to Long Lake, a dis- 
tance of one hundred and sixty miles. There are no stratigraphical breaks along this 
line, the order of the rock being everywhere the sim>. The dip of the beds is always 
northerly or northwest, and the strike to the northeast or east, the general line of out- 
crop being northeast-by-east. On Point Keweenaw, and as far southwest as the Ako- 
gebe Lake, on the west fork of the Ontonagon river, the copper veins have been found 
valuable. , 

Beyond the waters of the Ontonagon, in the same direction, veins have been discov- 
ered, but after limited workings have been abandoned. The Montreal river forms the 
boundary between Michiganand Wisconsin; and as early as the year 1845 mining lo- 
cations were made on its waters where they pass the range. Locations were also made 
upon the waters of the Bad or Manvaise river, a stream with numerous brancbes, 
draining the country from the Montreal to the headwaters of the Chippewa and St. 
Croix rivers. 

Historically considered, the exploration of this region commenced in the year 1840, 
when Dr. Houghton, as acommussioner of the state of Michigan, accompanied Capt. 
Cram of the United States Topographical Engineers, who was then surveying the Me- 
nominee and Montreal nivers. 

In 1840 and 1841, Dr. Houghton examined the rocks on both these streams, and the 
country between their sources. Jam in possession of a transcript of his field notes dur- 
ing these explorations. In 1849-6 I made examinations along the range across the Mon- 
treal to the westward, as far as the main branch of Bad river. 

Up to this time the public lands in this part of Wisconsin had not been surveyed. 
The fourth principal meridian was extended northward through Wisconsin to Lake Su- 
perior in 1848. Dr. A. Randall, one of the assistants of Dr. Owen upon the survey of 
the Chippeway Land District, in reference to mines and minerals, accompanied the 
linear surveyors along this line. In Town 44 north, Dr. R. discovered an outcrop of 
magnetic iron ore, and brought in a specimen. The next season, asa member of Dr. 
Owen's corps, I made an exploration on the western branches of Bad river, crossing 
southerly to the headwaters of the Chippeway. Near Lacdes Anglais, and thence east- 
erly across the middle or main fork of the Bad river, I found cliffs and bluffs of silicious 
magnetite. The results of this examination may be scen in the final report of Dr. Owen, 
published at Washington in the year 1850, 

In the Chippeway language the name for iron is pewabik; and I thonght it proper to 
designate the mountains, where this metal exists in quantities that surprise all observers, 
as the ‘‘ Pewabik Range."’ The compositor, however, transformed it to Penokie, a word 
which belongs to no language, but which is now too well fastened upon the range by 
usage to be changed. 
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Soon after the publication of Dr. Owen's report, the excitement of 1845-6 in reference 
to copper Was repeated in referenca to iron. The government was at last induced to 
make surveys of the region. Preemptors followed the surveyors, erecting their rude 
cabins on each quarter-section between the meridian and Lae des Anglais, a distance 
of eighteen or twenty miles. The iron belt is generally less than one-fourth of a mile in 
width, regularly stratified, dipping to the northwest conformable to the formations, and 
having its outerop along the summit of the second or southerly range. Viewing this 
mountain region from La Pointe, or from the open lake, it has the appearance of a 
single crest. Hts outline against the sky in a clear day is very distinet and regular. 
Along the range, this crest line is nearly level, its elevation above the lake being one 
thousand to eleven hundred feet. Bat there are two ranges, known in the country as 
the first and the second, or the ‘Copper and the “Tron " range. There is not much 
difference in their elevation. The copper range being nearest the coast, covers the 
iron range, which, at the distance of thirty miles, is only visible through gaps and 
notches, the whole forming one blended line in the horizon. To the south, beyond the 
iron range, the country is lower and swampy. 

Two roads were soon constructed to the mineral deposits through the dense evergreen 
forests of this latitude. One of them commenced at the lake, near the mouth of the 
Montreal river, and near the termination of the fourth principal meridian, extending 
thence south and not far from the meridian line. The other began on Chegoimegon 
Bay, af Ashland, pursuing also a southerly course, and, after reaching the seeond range, 
connected along it to the eastward with the first road, passing the cabins of the pre- 
emptors. In 1%5J), Mr. Daniels, of the Wisconsin Geological Survey, and Mr. Lapham, 
of Milwaukee, examined the iron range in behalf of a company which had made exten- 
sive purchases there, and had caused a survey for a railway to be made, with a view to 
the manufacture of iron. 

Mr. Lapham’s report was published in pamphlet form, but as yet no iron works have 
been erected there. The region was again examined by me in 1860, on the part of the 
state of Wisconsin. As my reports upon the Bad river country, and those of 1853, 
“Upon the rocks of the Menominee river, associated with iron ores,’’ have not been 
published, I propose to offer in this paper a brief notice of the analyses of specimens 
from the ‘‘ Penokie”’ range, ete. 

By referring to the “ Proceedings of the American Association, for 1259,"' a short 
article will be found relating to the azoic slates of the Menominee, in which iron is a 
constant and large ingredient. So many discussions have taken place during the last 
fifteen years upon the ongin of the azoic rocks in Canada and in Michigan, that it be- 
comes important to have all the results of chemical examinations before the public. I 
propose to do nothing more than present these results, with such a general description 
of the formations west of the Montreal river, on the south shore of Lake Superior, as 
will enable geologists to use them. 

The profile accompanying my map for the Wisconsin report of 1860 is made across 
the stratification, from the village of Houghton, on Chegoimegon Bay, in a southeasterly 
direction, through the Dalles of Tyler's Fork, in Town 45 North, Range 1 West. The 
formations are lettered A, B, C, Dand E, reckoning downward from the Potsdam sand- 
stone, A, to the sienite and granite, KE. But for present use, the profile will be taken 
along an ancient Indian trail, that leads from the mouth of Montreal river to Lac Flam- 
beau, and the formations will be numbered 1, 2, 3, ete. 

The provisional arrangement, which it is always necessary to make in the early stages 
of the examination of a new region, must of course be based upon the external charac- 
ters of the rocks. In this case, it is not only convenient, but proves to be a correct 
arrangement. 
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220 GEOLOGY OF THE EASTERN LAKE SUPERIOR DISTRICT. 
The following is a general view of the structure of the formations in the descending 
order: — 


Formation No. 1.1.— Potsdam Sandstone. 


On the Montreal river, strike northeast by east, in places N. 60° E.; dip northwest by 
north, 75° to 90°. It embraces four members, a, b, c, and d. 


a. Sandstone Proper, corrected for bevel, thickness ..........0.- 8,500 feet. 
b. Alternations of sandstone and black-slate, thickness........ Bis 7oQ “ 
e. Conglomerate, thickness ........cccce eee ceeecceeeeees eos 189 * 
d, Alternations of trap and sandstone, thickness ...........+.05 800 “ 
POCA (er atdnacauieaes Sie s Ua econ eukeuie ee Moealdee es ke 11,50 ‘ 


This is not the entire thickness of the Potsdam at the mouth of the Montreal. The 
synclinal line lies an unknown distance out in the lake, perhaps one-fourth of a mile, 
and whatever this distance may be should be added to the above statement. At the 
Apostle Islands and in Chegoimegon Bay, the dip is reversed, having a direction to- 
wards the southeast; but the line along which the change occurs is covered either by 
the waters of Luke Superior or by drift. On the northerly side of the synclinal the 
plunge of strata is much less in amount. It presents the case of nearly horizontal beds 
on one side, and of nearly vertical ones on the other. Following the outcrop along the 
southerly shore to the west end of the lake, and thence along its northwesterly coast, the 
dip is everywhere conformable, and to the southeast. By estimates and measurements 
on that shore, combined with those at the Montreal, I regard its total thickness to be 
not less than fifteen thousand feet. No fossils have yet been found in the sandstone of 
the west end of Lake Superior. Its color is generally red, owing to the presence of 
oxide of iron. Where this 1s wanting, it is gray or a dull white, and in places mottled 
gray and red. 


Formation No. 2.— Trappose, in tico members. 


a. Brown amygdaloid; ? dip and strike conformable to formation 1; 


thickness along Lac Flambeau trail........... petition au tiars 313 miles. 
b. Compact red? and blue ......... cece cece ce eeene Peeuaeeeeenes 2i¢ «8 
Ho Sess esoe oases dae select eee cbt: . 64 


Formation No. 3.4— Iornblendic. 


Compact, sub-crystalline and sli.ty; black or dark colored; strike N. 60° E.; 
thickness On (ils cosas tacand cawenws ee saw vay seen eek canes eMeies 2'¢ miles. 


Fermation No. 4.5— Silicious, tico members. 


a. Quartz, slaty and in layers; dark colored, but less than F. 3; thickness 
variable; separated from b by a bed of magnetic iron and iron slate. 
b. Quartz, slaty, in layers and beds; more compact and lighter color (gray 
and straw color) than a; novaculite; strike N. 60° to 65° E.; dip van- 
able, 30°, 45°, 60°, 75° to the northwest; breadth across the edges on 
tiilenG ca wauseawies dedatt senna, eetemdages wii ieasiucaens eoscees Of miles, 


1 Colonel Whittlesey regards as belonging in one formation, the horizontal Potsdam sandstone, 
and the upper beds of the Keweenawan system.—R. D. I. 

2Diabase and diabase-amygdaloid of Pumpeily.—R. D. I. 

®Felsitic porphyry.—K. D. L 

*Gabbros of the foregoing pager, in part, and partly XXI of the Haronian.—R. D. I. 

S}Iuronian of the foregoing pages, in part.— R. D. I. 
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Formation No. 5) 


Granites and sienites of Central Wisconsin. 

Fifteen miles to the westward of the trail, on a parallel line from the mouth of Tyler's 
Pork to the Dalles, the total thickness of formations 2, 3 and 4, is reduced nearly one- 
half. The dimunition, however, comes principally from the upper member, a, of forma- 
tion 2, which tapers out in that direction very rapidly. Formation 3 is also somewhat 
diminished; yet formation 5 is not materially changed in thickness, 

Further westward, beyond the middle or main fork of Bad river, the rocks undergo 
such changes in external characters, that until the test of analysis was applied, the sep- 
arate formations could not be disentangled. Jn the midst of black slates that appeared 
to be trachytic, were large patches of red and blue crystalline rocks, having clearly the 
aspect of sienites. I wall notice thein hereafter. 

Formation 1 is nearly pure silex, and is evidently of sedimentary origin. Some for- 
eign geologists have essayed to place it nearly at the sumnnt of the geological system, 
not only without evidence, but against the most conclusive proof. Dr. Houghton, Dr. 
Jackson and Dr. Owen at first lent color to such a classification, but on examination both 
the first and last named gentlemen placed it in its true position, at the base of the pale- 
ozvic rocks. It has been traced stratigraphically beneath the Trenton and Calciferous 
strata of the New York Survey; onthe St. Mary’sriver at Pictured Rocks; on the Esca- 
nawba, the Menominee, Oconto, Wolf, Wisconsin and St. Croix rivers. 

At the falls of the St. Croix abundance of fossils are found in it, such as characterize 
the Potsdam in New York. To persist in denying the effect of such observations is to 
rob all proof of its value, when it comes in contact with theory and assumption. 

The black slate intercalated with the sandstone differs little externally from the slaty 
portions of formation 3. This member is very persistent along the Copper Range to 
the eastward in Michigan. It is visible in about the same relation to the conglom- 
erate, at the Black, Iron and Ontonagon rivers. At Black and Presque Isle rivers I have 
noticed specks of carbonate of copper, disseminated, as in the Mansfelt slate. But one 
analysis has been made of this rock (formation 1, 5), which is as follows: 

Specific gravity, 2,690. Color of powder, bluish gray. 


Silex 2... ec eee eee hie pean sha eeieo uk  Geaeewtauwaieeobeees. ToebO 
ProtOxile OF 1 LON occ sae haw diese ai se woe nese Swi weseueideecewesex. 14-00 
MANGANGSE: £5.05 dc.cewicie ews’ arcienisiaiee wis an bie Saisnelanars ciawiees¥ eleee's 0.35 
AV Nay 3s vow ees See RR ORs Spee ea eee eee a eeawarae dee eestes 7.50 
Lilie: sold dors ees es Sore Seas eee oesetederateneteadaweteaaees: . 50295 
Magnesia ..cceccece sacceeececscvces igre keen Kew eae Oa eas 0.95 
Carbonaceous matter, moisture and loss ...--sccceccseesees 0s seve 1.05 

100.00 


In the belts of sandstone that alternate with trap, it is common to find native copper 
out of the veins, disseminated in fine particles, crystals and spangles, in some places suf- 
ficient to pay for stamping and working the rock. 

The analyses here given were made for the Wisconsin Survey by Professor J. L. Cas- 
sells, of the Cleveland Medical College.’ 


Se a eee ee 

1 Laurentian of the foregoing pages. 

* Several specimens of this rock from different points have becn examined in the University 
laboratory, and in no case ylelded over 53 per cent. of silica. The rock is a calcitic diabase mud. 
The carbonaceous matter is doubtful. R.D.I. 

® Several of the specimens from which the analyses for these tables were made are preserved in 
the University Cabinet, with the analyses attached. From these I learn the following: In the 
analyses of Formation 2, No.3 is a diabase of the Ashbed type; No. 4,a felsitic porphyry; and 
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Of formation 4, with the exception of specimens containing a large per cent. of iron 
and regarded as ores, only two were analyzed. This is a black fine-grained slate, with 
a silicious aspect, and dark gray powder. It was taken from near the iron belt above 
it, at a locality three miles southwest of the trail, and about twelve miles from Lake 
Superior. 


1. Specific gravity, 3,049.) 


Carbonaceous matter and moisture. ....cccscccccccccccccccsccscece 1.55 
DIEM cg bse eevee s ret erate Secu beeeadasareeakoeeeeeuaeeeees, 160-00 
Protoxile Of Iv0iiaetsssccseeees inane ee dutesuwekedvenweweseneewe -211-00 
Osi eOF Manganese: 2iutetaccsletenaieet6saawe seeeuseesecacicuekee 0.35 
AMMNNINA, ao cada arse eneelse ee wee awed otead sedis secede tesa 0.25 
NGPHOSIA oo ateis Costin ce owen Wd os ietetastees Seceuaaeheswesc 0.25 


100.00 
2. Compact, tough blue slate. T. 45, N. R. 1 East. Speciiec gravity, 2, 740. 


NOSE ANd 1OSe ss seuwsiede es maeN eee Sees cee ans see eewaaweeseaeees 1.25 
DICK sce redineie we eeteleenegs oes se Seas ees newer evebesneusewtewee- (OULU 
Protvoxtde OL POM sucess ae osenens st eeaw aw new aeacew oc wa eaiseieds soneeles 3.60 
(xide Of Man@anesO «s+ +00Nesecess oeeuaews sunweseeicees ages coants 0.22 
PCVUTIN Gs aise ee Gest b ewes 46 rbo Saisie ot seer aae ks eee ses aueee sn eee 2.40 
TAMIC Jac bbeanenled teas daw wwoe S65 eee eeds £64 seen seu beens ueereee 0.25 
NAOMOSIA Ee Wine sin sce esa vs oo vas 6 tie S eeu seuss eS ees ee uae eeweerees 1.63 
POtachivcasecncadatentewad wodwe eae eetnsene sae dees eeuaseaseeeaws 1.05 

100.00 


No specimen of the above lists is without the oxide of iron. In the protoxides, four- 
teen in number, the percentage ranges from 3.60 to 17.60. Of the peroxides, five in 
number, the per cent. varies from 2.16 to 14.40. With one exception, lime pervades 
the entire list, the proportion in no case attaining to one per cent.? Magnesia is present 
in all but two specimens, the largest amount being 2.80. 

A large portion of formation 3, west of Bad river, is coarsely crystalline, with a de- 
cided sienitic aspect. Around the west end of Bladder Lake it is of a light blue color; 
in other places flesh red. Specimens 8 and 9 of formation 3 represent this deceptive rock. 

In composition, however, they range themselves with the other specimens of the for- 
mation, as substantially silex and iron. Five specimens show potash ranging from 1.45 
to 2.66- per cent. 


No. 7, uralitic gabbro. In Formation 3, No.1 is a red felsite; No. 2, granitic porphyry; No. 3, 
a typical Keweenawan diabase; No. 4, an “Ashbed” diabase; No. 7, a typical (greenish) Kewee- 
nawan diabase; No. 8, coarse bluish-gray gabbro; and No. 9, a pink granite. 

To any one familiar with the composition of crystalline rocks, it will be evident that the analvses 
by Professor Cassels here given are wholly worthless. The silica percentages given are alone,enough 
to prove this, since they are, in nearly every case, from 10 to 30 per cent. or more, too hich. This is 
true both of the basic gabbro and diabase, which, in fact, rarcly reach 50 per cent., and of the 
more acid granite and felsitic porphyry, which probably never exceed 75 per cent. That the latter 
figures are the true percentages is shown not only by the now well known mineralogical composi- 
tion of these rocks (in itsclf a sufficient proof), but by a serics of tests made in the University 
laboratory. In two cases the specimens examined were the same as represented by analyses in 
the above tables. No.2 of formation 2, given in the table as having 92.9 per cent of silica, conta:ns 
in fact 72.5 per cent.; and No. 8, given at 8.00 per cent., contains 47.85 per cent. — R. D. I. 

1A black aphanitic slate, probably from formation IV of the Huronian. It contains a large 
percentage of magnetite, and is therefore incorrectly respresented in the analysis. —R. D. 1. 

2That the analyses are incorrect in this respect is shown by the fact that the predominating 
ingredient of the gabbros is a lime feldspar. —R. D. L. 
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The absence of potash or soda in two of the trap rocks of formation 2, may be ac- 
counted for by the fact that in both cases the specimens were porous and exposed to the 
atmosphere. 

The proportion of caustic alkalies is here much less than in the trap rocks of the same 
formation on Point Keweenaw, and the traps of other countries. The presence of both 
potash and soda is a characteristic of these rocks elsewhere, and also a much larger per 
cont. of alumina. In truth, the difference in mechanical condition, as well as chemical 
constitution, between these beds and those which contain valuable veins, is so great as 
to discourage us as to their practical value. 

In No. 1 of formation 4, there is found carbonaceous matter like the black slate of the 
Potsdam sandstone, formation 1. Among the slates of this series there are no instances 
of the dark green color that characterizes chloritic and magnesian rocks, or which might 
indicate the presence of silicates of iron. The silex is evidently in excess over all sub- 
stances that might act as bases, and thus the quartz and iron oxides are proven to be 
mechanical mixtures. 
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APPENDIX B. 


MICROSCOPIC EXAMINATION OF ELEVEN ROCKS FROM ASHLAND 
COUNTY, WISCONSIN. 


BY ALEXIS A. JULIEN. 


1411. Chloritic Gneiss. Laurentian. Penokee Gap. Northicest quarter Sec. 
14, T. 44, R.3 W. Blackish-gray, with black specks, mottled on cross-section by thin, 
irregular, grayish-white spots and streaks. A compact gneiss of medium grain and 
rather slaty structure, made up of alternations of whitish lamina, one-thirty-second to 
one-sixteenth inch thick, rich in quartz, with sone feldspar, and of thinner seams of 
black hornblende, in fibrous facets sometimes one-eighth of an inch long, with minute 
scales of a black mica. Insome parts of the black laminew the mica-scales predominate 
or entirely replace the hornblende. Powder greenish-gray. The rock is traversed by a 
few thin seams of quartz across the lamination. Weathers to a brick-red color, which 
also permeates the fissures. Specific gravity, 2.78. 

Microscopic description. The predominating mineral, orthoclase, occurs in rather 
irregular grains, sometimes clouded by inclusions, with at least one very fine cleavage 
distinct im ordinary heht and sometimes another more imperfect. The common inclu- 
sions in some grains consist of elongated granules (scales?) of kaolin irregularly distrib- 
uted or along the cleavage lines; also tiny rounded scales of muscovite, granules of 
altered hornblende, and separated scales and blades of chlorite. In polarized light its 
occasional twinning 1s rendered evident, and, at +', the usual mottling with yellowish- 
white and maroon. The grains vary in diameter from 0.06 to0.88 mm. A plagio- 
clase feldspar, probably oligoclase, occurs in abundance, not only interlaminated with 
the orthoclase in the usual forms, distinct in polarized light, but also in angular grains 
and plates, a few of which are clear, but most are clouded almost to opacity by minute 
gray inclusions; the stnation (by twin-lamellation) is often very fine, especially when 
the inclusions have a linear and parallel arrangement. The various stages of this alter- 
ation, apparently kaolinic, are everywhere shown, from grains in which the grayish 
material traverses the clear unaltered mineral in a few lines or envelops it with a thin 
fringe, to those which appear entirely granulated and opaque. In polarized light, at +, 
a few broad bars are generally seen, of gray and bluish-gray, traversing a yellowish- 
white, brownish-yellow, or maroon field. The usual diameter of the grains varies from 
0.11 to0.59 mm. Quartz is a common constituent, mostly m small, clearand colorless, 
irregular granules; but also in rounded grains, with a common arrangement of their 
longer axes parallel to the Iamination, whose form and position at once suggest a sedi- 
mentary origin. The grains are usually from 0.04 to 0.39 min. in diameter. The 
mineral is dotted with minute inclusions, many brownish-red and brownish -yellow par- 
ticles of ochre, a few scales of chlorite, colorless needles and microliths (perhaps of 
apatite), a few crystalline granules and particles of magnetite, and a few liquid inclu- 
sions (X 500)* at wide intervals, many of which enclose a bubble, which appears some- 
times stationary, sometimes in lively motion. Hornblende is abundantly dispersed 
through the section in grains and plates extremely irregular in outline; this is due to 
the scaly structure of the partially altered mineral, many of the scales having been 
loosened or removed in such a way as to leave rounded cavities and even a net-work. 


1 This convenient sign for “crossed nicols’’ has been recently proposed by H. O. Lang in his 
* Grundriss der Gestcinskunde.” 
3 Magnified 50) diameters. 


IKEWEENAWAN ROCKS. 
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Tin Mruwavare Ler &Exow.Co 


fig LOhrysotitic Piabase. NE, Seo. $l 7. 43. 12 WE 
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The color is brownish-green, in part brownish-yellow and brownish-red by oxidation and 
permeation with ochre. The prismatic cleavage is generally distinct, and sometimes 
another less perfect. The ordinary inclusions consist of elongated granules and minute 
particles of magnetite, arranged in clouds or dusty groups parallel to the cleavage, scales 
and blades of chlorite and grains of quattz. The blades range in length from 0.09 to 
1.38 mm. Chlorite constitutes the bluish-green pseudomorphous masses, often some- 
what dichroitic, especially when retaming the homblende cleavage, as well as the still 
more common scattered scales and blades, generally rounded, produced by disintegra- 
tion of the larger masses. Its color sometimes passes by yellowish and reddish shades 
mto a leather-brown, by oxidation, with the final product of thin films of ochre. Its 
inclusions are minute crystals and particles of magnetite, particles and films of ochre, 
and rounded granules of quartz. ‘The scales are from 0.00 to 0.39 mm. in diameter. 
Here and there a few of the bluish-green chlorite scales pass into colorless scales and 
blades, often rectangular, which appear to be muscorite. Magnetite is mostly found, as 
above indicated, in close vicinity to the hornblende and chlorite, in grains or groups of 
crystals sometimes surrounded by an ochreous halo, 0.01 to 0.39 mm. in diameter, the 
latter being distinguishable in the thin section by the naked eye. The non-magnetic 
property of many of these black particles, on trial of the pulverized rock by a magnet, 
seems to refer them probably to menaccanite. 

This rock is evidently a transition-variety, in the progress of alteration of a hornblendic 
gneiss. On ignition, its powder assumes a reddish-brown color and loses 1.08 per cent, 
of its weight, which, if attributed mainly to the chlorite, would indicate the presenc2 
of about 9 per cent. of the latter mineral. Hornblende-gneisses, of the same general 
character and with a greater or less development of the bluish-green chlorite, are quite 
common in this country; e. g..on New York Island and at New Rochelle, N. Y.; on 
Poplar river, Wisconsin, ete. 

1421. Crystalline Limestone. Huronran, Formation I. Penokee Gap. North- 
west quarter Sec. 14, T. 44, R.3 W. Fawn-colored. An aphanitic, compact, granular 
limestone, whose seams, covered with ochreous films, indicate a schistose structure. Mi- 
nute yellow and glittering crystals of pyrite can be just detected by the eye, and are here 
and there represented — especially below and near the weathered surface — by ochreous 
particles and specks produced by decomposition. A few very thin veins of gray calcite 
traverse the rock. Under the loup the facets of calcite are distinguishable, a grain of 
greenish: white tremolite, about a quarter of an inch across, and a few tiny blades of a 
dark mineral. Weathered surfac? smooth but uneven, stained with brownish-yellow 
films, and seamed irregulirly by many minute linear furrows, by the weathering out of 
the calcite-veins. Specific gravity,! 2.78. 

Microscopic description. The texture remains aphanitic to the naked eye, even in the 
thin section. The predominant mineral, calcite, is present in minute, colorless, rounded 
to sub-angular granules, rarely with good cleavage lines, closely fitted into each other. 
About half of them are clear and colorless, the rest slightly grayish. Their size is usu- 
ally 0.925 to 0.05 mm., varying from 0.013 to 0.10 mm. The inclusions (500) con- 
sist of minute colorless granules, microliths of tremolite, and granules of reddish to 
blood-red ochre or githite, 0.0906 to 0.004 mm. in diameter. The mineral polarizes 
at +, rather brightly, some grains more than others, with lively colors, irregularly 
mottled; many grains show simple twinning, on rotation of either nicol, and some- 
times the stripes of twin-lamellation, with somewhat indistinct effect. Short needles 
of tremolite are scattered among the calcite-grains and sometimes gathered in radi- 
ating bunches. They vary in width from 0.002 to 0.025 mm., and in length from 
ete eee eae Ree Te ee cane te ae ree eee ee Sn 


1 All the specific graviry dcterminations in this papcr were mado by the pycnometer, on the min- 
crals in coarse powder, in distilled water at 62°, F. 
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0.006 to 0.15 mm. They are readily distinguished from the calcite by their strony 
double-refraction, polarizing brightly at +. On-solution of a portion of the rock in acid, 
a rather large grayish insoluble residue is obtained, consisting of this mineral. Pyrite 
is sparseiy but generally distributed in opaque granules, with square, rectangular, or 
irregular outlines, and a diameter of 0.008 to 0.076 mm. A small quantity of mag- 
netite is also present in minute black crystals. The calcite-grains in this rock are smaller 
and less angular than those of Carrara marble, and without the general cleavage com- 
mon in the latter. In size they more closely resemble those in the limestone at Radnor 
Station, Pa. But the rounded form, with the interstices occupied by the smaller par- 
ticles, may be attributed to the mutual attrition of the granules during motion of the 
rock in its plastic condition. 


1452. Tremolitic Magnetite-slate. Huronran, Formation II. Penokee Gap. 
Northwest quarter Sec. 14, T. 44, R.3 W. Brownish-black. A magnetite of aphanitic 
texture, with feeble lustre on schist-planes, rather brittie, divided into angular masses 
by a few fissures covered with brownish-yellow films, Under the loup, it shows only 
the very minute glittering facets of magnetite, and appears at first to be perfectly 
opaque on the edges of thinnest splinters; but, by sufficient search, a few translucent 
particles can be detected. Fracture uneven. Powder, bluckish-green. Streak grayish- 
black and shining. Weathers only superficially to deep shades of brownish-red and 
brownish-yellow, with the edges of the laminz projecting in the cross-section and pro- 
ducing a rough rasp-like surface. Specific gravity, 4.24. 

Microscopic description. The thin-section reveals a prelJominant quantity of mag- 
netite, pretty uniformly and thickly distributed through a colorless ground-mass of quartz 
and tremolite. ‘he magnetite occurs in black and opaque cubes and octahedra of vari- 
ous sizes, from particles just visible at a magnifying power of 170 up to crystals of a 
diameter of 0.13 mm. In some parts of the thin-section it is more thickly clustered 
together in opaque patches, and elsewhere more loosely, so as to leave small patches 
and long lanes or veins of the colorless ground-mass quite free from magnetite. The 
ground-mass appears to consist largely of granules of colorless quartz, about 0.01 mm. 
in diameter, polarizing in the usual method of crystalline aggregate. 7'remolite occurs 
abundantly in very small blades, needles, scales, and still more minute granules, and 
ozcasionally in large grains, showing the usual cleavage of amphibole. The size of the 
blades rarely exceeds 0.004 mm. in width and 0.038 mm. in length. In some places 
the fine needles and microliths of the mineral are gathered in bunches, crossing each 
other in a close net-work. In polarized light, at +, polarizes richly with variegated ar- 
rangement of bright colors, the outlines of the blades and scales becoming distinct. A 
few colorless scales, sometimes with cleavage, which are interspersed among the trem- 
olite-scales, polarize feebly and appear to be tale. Hematite was also distinguished in 
the form of afew very minute blood-red granules, adhering to magnetite, and also in 
brownish-red films and particles, forming cloudy fringes, usually about 0.01 mm. in 
width, to some of the magnetite granules. ‘Ihe scales of tremolite are also sometimes 
tinged yellowish or reddish by ochreous films. The entire bulk of the pulverized rock 1s 
taken up by the magnet, and on ignition of a weighed quantity it assumes a reddish- 
black color by absorption of oxygen and increases in weight. 


29. Black Fe!dspathic Slate. Huronran, Formation V. Penokee Gap. North- 
west quarter Sec. 14, T. 44, 2.3 W. Grayish-black, with minute glittering points. A 
compact, aphanitic rock of imperfect slaty structure, conchoidal fracture, grayish-white 
streak, greater hardness than that of an argillyte, and without any argillaceous odor on 
moistening. Under the loup, it appears to be chiefly made up of minute glittering facets, 
sometimes triangular, rarely large enough to be distinguishable by the naked eye. Also 
a very few minute yellow particles of pyrite can be distinguished. On the edges of thin 
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splinters, a light-colored mineral may be identified in minute granules. Weathers 
smoothly and uniformly to a brownish-red color. Specific gravity, 2.81. 

Microscopic description, The thin section reveals to the naked eye an abundance of 
transparent particles in a brownish cement. Clear and colorless orthoclase predominates 
in angular granules or plates, often rectangular or rhombic in cross-section, rarely hex- 
agonal, Their longest axes are usually 0.1 to 0.2 inm., varying from 0.03 to 0.25 mm. In 
some granules distinct lines of cleavage, in two directions, are displayed, even in orii- 
nary light. The few inclusions (often clouding the granules) consist of minute crystals 
of feldspar, colorless needles of amphibole, and especially minute particles of magnetite, 
gathered in dusty groups, and of the same, with scales of biotite, arranged in bands 
whose plane surfaces indicate in each, a thin seam of infiltration. The grains polarize 
feebly in most cases at +, on account of the thinness of the section, here and there dis- 
play a twin-structure, and sometimes wavy lines produced by incipient alteration. The 
cement between these granules consists of a mixture of biotite and opacite. The biotite 
traverses the interstices in thin layers, made up of rounded scales and short blades of a 
brownish-yellow, brownish-gray, to light-brown color, feebly dichroitic (yellowish-white 
to brownish, oreven opaque). Many of the leaves are very minute and thin, but thev are 
generally from 0.005 to 0.076 mm. in diameter. Greenish-white needles of amphibole, 
0.01 to 0.07 mm. in length, may be occasionally observed in the cement, and as an inclu- 
sion in the orthoclase. Opacite is commonly distributed in very minute dark particles, 
sometimes black, sometimes brownish-red to nearly opaque, often 0.02 mm. in diameter, 
and probably consists chiefly of pyrite and limonite, with a very small quantity of mag- 
netite: It occurs as an inclusion in orthoclase, or, in the cement, gathered in bunches, 
or in thin layers around the grains of orthoclase, and marking their outlines where ob- 
scured by biotite. Brownish-red films of ochre sometimes fringe these granules. On 
ignition of the powdered rock its light brownish-green color passes into umber, with a 
loss of 1.59 per cent. of its weight. This rock is an interesting and rather unusual vari- 
ety of schist, of distinct sedimentary appearance and origin, antecedent to the formation 
of an argillyte, but exhibiting no traces of metamorphism. 

1439. Chloritic Dioryte. Huronrtan, Formation IX. Penokee Gap. South- 
west quarter Sec. 11, T. 44, 2.2 W. Grayish-black, with tiny shining facets. A com- 
pact, hard, and rather fine-grained rock, with uneven fracture, gray powder, and a 
grayish- white streak, partly shining from abraded steel. Under the loup, it displays a 
prominent amount of blades of black hornblende, with minute scales of a black mica- 
ceous mineral, a very few particles of pyrite, and numerous crystals of brownish feld- 
spar. Weathers toa light brown. Specific gravity, 2.99. 

Microscopic description. The thin-section displays to the naked eye a predominant 
quantity of plagioclase in clear, sharply defined crystals, separated by minutely granular 
ynasses of a bluish-green to brownish-green color, usually 0.87 to 1.04 mm. across, which 
ronsist of the products of the alteration of hornbiende, viz., more or less altered amphi- 
cole, chlorite, crystals of pyrite, and films of ochre. The tabular crystals of plagioclase 
are long and mostly unbroken and perfect, presenting clear rectangular sections, gener- 
ally with good striation, and fainter cross-lines at right-angles. They vary in length usu- 
ally from 1.0 to 1.9 mm., and in width 0.09 to 0.7 mm., commonly one-fifth of the length. 
These crystals are probably oligoclase, but many parts of them and many entire crystals 
display no striation, even in polarized light. and may possibly consist of a monoclinic 
feldspar. Their inelusions comprise scales of greenish chlorite, long needles or micro- 
~ liths of colorless or greenish-actinolite, a few particles of opacite, and rarely films and 
granules of brownish-yellow, somtimes blood-red ochre (X 925). Between the crossed 
nicols, the crystals show simple twinning or are traversed by stripes of a grayish, green- 
ish-white, or yellowish-white color, passing, on rotation of a prism, into shades of ma- 
roon, or in some cases, to brilliant greenish-blue with crimson edges. The crystals of 
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plagioclase often enclose green veins or bunches along the lamellation. The fissures 
have been widened into cavities of a lenticular and sometimes irregular shape, evidently 
by solution and removal of material; then lined by a thin bluish-green translucent layer 
of chlorite, slowly deposited from solution upon the walls of the cavities, and finally filled 
up by a minutely granular and more impure material, of a bluish-green to brownish- 
green color, and enclosing one or more cubes of pyrite, which is a crystalline aggregation 
from more rapid deposition. The pyrite has been the last mineral deposited, and is 
plainly a secondary product from the alteration of the hornblende of the original diorite. 
A similar permeation of plagioclase by infiltration has inclined some observers, errone- 
ously in my view, to attribute the origin of viridite in part to the decomposition of the 
feldspar. The films and particles of ochre, in some of the veins in question, have evi- 
dently been produced by the decomposition of the chloritic aggregation by the subse- 
quent passage of aerated waters. In the greenish masses which envelop the crystals 
of plagioclase, chlorite is the predominant constituent, in minutely granular masses, 
tiny scales (0.06 to 0.18 mm. across) and blades, of a bluish-green and greenish-white 
color, in part rendered brownish-green by incipient alteration and ochreous films. With 
sufficient magnifying powers (X 150) it is found to be everywhere decidedly dichroitic, 
passing from brownish-white to bluish-green. Its inclusions consist (X 925) of numer- 
ous particles of pyrite, tiny scales of actinolite, and films or granules of ochre. The out- 
line of a green mass—a former crystal of hornblende — is often composed of a clear 
translucent border of bluish-green chlorite, 0.006 to 0.02 mm. in width, which is some- 

times transversely fibrous, 4. e., made up of scales seen in cross-section. A similar fringe 
sometimes envelops the grains of pyrite. Actinolite is commonly dispersed among and 
through the green masses in aggregations of long parallel blades, greenish and strongly 
dichroitic, often altered to a brownish-yellow color or colorless. Such an aggregation only 
represents a form of alteration of the original hornblende, its fibrous texture (prismatic 
cleavage) surviving in the parallel arrangement of the actinolite needles. In width 
they vary from 0.003 to 0.01 mm., and in length up to 0.75 mm. Needles and microliths, 
greenish to colorless, are also scattered in the plagioclase or project into it from its green 
envelope. The similarity in optical properties renders it probable that the actinolite, at 
least in part, consists of pseudomorphous chlorite. Pyrite is abundantly distributed, 
almost entirely in the green material, in opaque grains, displaying a glittering steel yel- 
low surface in reflected light, mostly of somewhat uniform size, 0.17-0.35 mm., varying 
from 0.02-0.69 mm., in longest diameter. Their form is mostly that of rhombic, trian- 
gular, or irregular crystalline grains — or thin tabular plates, giving long and rectangu- 
lar sections or thin laming occupying fissures; their outlines are often ragged, and their 
interiors more or less cellular, so as to present skeleton or network forms, sometimes 
with apparent cleavage or gridiron-structure, and sometimes, from insufficient material 
in crystallization, with a geode-like interior partially occupied by minute crystals or 
plates. The action of the magnet on the pulverized rock establishes the presence of a 
very small quantity of magnetite, perhaps the opaque particles among the inclusions of 
the feldspars. 

On ignition, the pulverized rock assumes a yellowish-brown color, and loses only 0.74 
per cent of its weight, considerable oxidation having probably taken place among its 
ferrous constituents. The abrasion of soft steel along the streak of this rock, when 
scratched by a knife, seems to be due to the hardness of the unaltered feldspar. The 
unbroken condition and sharply defined outlines of the feldspar-crystals in tls diorvte 
has only rarely been found in American rocks of this class, e. g., in one from Wood- 
bury, Connecticut. Either the constituent minerals are usually less perfectly crystallized, 
as in the dioryte of Stony Point, New York; or they have been much broken and blended 
by internal motion and metamorphism, as in the numerous varieties in the belt which 
passes through Greensboro, Salisbury, and Charlotie, N. C. 
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1429. Macnetitic Mica-Slate. Huronran, Formation XII. Penokee Gap. 
Southivest quarter Sec. 11, Toren 44, Range 3 West. Blackish-gray, slightly reddish, 
with tiny black specks. An argillite of the usual fine texture, in which, however, the 
eye distinguishes many very minute sparkling black scales; through this dull ground- 
mass are scattered many short black blades, somewhat glossy, rarely one-sixteenth of 
an inch in length and about one-sixteenth to one-eighth of an inch apart, lying chiefly 
in the planes of slaty-lamination. Under the loup, the groundmass appears to be maile 
up of glistening scales of a blackish in‘ca, disseminated through a grayish-white min- 
eral and concentrated in greater abundance in certain alternating lamine of the slate. 
Fracture hackly. Powder gray. Weathers only suporficially to a brownish-yellow, 
smooth surface. Specific gravity, 2.78. On ignition of a weighed quantity of the pul- 
verized rock, it assumes a light-brown color and loses 1.74 per cent. 

Microscopic description. The thin section appears very fine-grained, displaying the 
lamination, to the nuked eye, streaked with the darker films. Biotite is present in abun- 
dance in light yellowish-brown (by transmitted ght) irregular scales, with sharp out- 
lines, of which many of the smaller are nearly circular; all are more or less dichroitic 
when sufficiently magnitied (X 175), especially the brownish to colorless striated cross- 
sections (X 800); the greatest dimensions observed were 0.038 to 0.076 mm. Brownish, 
yellowish and colorless blades of tremolite also occur, with square or pointed ends, from 
0.001 to 0.011 mm. in width, and from 0.01 to 0.079 mm. in length. It generally polar- 
izes brightly, from yellowish to brownish-red, sometimes bluish-green to deep-red. 
Colorless guartz appears to be the pzedominant material, in the form of the ground- 
inass, displaying no outlines in ordinary transnutted hght. It polarizes at + in part 
rather feebly, in part bright greenish-yellow, blue. or brown to dark, and, on rotation 
of the section, the dark patches become stippled with greenish-yellow, revealing 
the more minute constituent granules, which average about 0.019 to 0.026 mm. in 
diameter. Opaque particles of pyrite and magnetite are abundantly dispersed, mainly 
associated with the scales of biotite, included within them, and (the more minute) ar- 
ranged along the lines of striation. They occur in grains of varying size, mostly irreg- 
ular, some of the smaller being semi-crystalline in form and representing the magnetite, 
whose presence is confirmed by the action of the magnet on the pulverized rock. The 
larger grains appear to consist of aggregated groups of pyrite with ragged outlines, 
and angular, often rectangular projecting prongs; their greatest dimension averages 
about 0.019 to 0.03 mm. and sometimes reaches 0.19 mm. In reflected light, they 
exhibit a white to reddish-white color and sparkling lustre. The most minute particles 
are very generally dispersed, and also often concentrated in bands which streak the 
thin-section and mark its lamination; these particles are too minute for measurement, 
even when magnified 800 diameters, A very few blood-red granules (800) may prob- 
ably be referred to gothite; some are triangular and show a radiated structure, as 
though composed of minute radiating crystals. This rock resembles some of the finest- 
grained mica-slates of the Marquette region of northern Michigan. 


1498. Chiastolitic Mica-Slate. Hunontan, Formation XVI. Northwest quarter 
Sec. 11, Town 44, Range 3 West. Blackish-gray with elongated yellowish-white spots. 
An argillyte, with irregular schistose structure and the usual aphanitic slightly-shining 
material, Through this, at intervals of about one-fourth inch, are distributed 
numerous blades of chiastolite one-fourth to one-half inch in length and usually 
one-sixteenth of an inch in width, lying in all directions within the schist- 
plane, and sometimes presenting rhombic cross-sections. The seams usual in an argil- 
lyte are covered with dull reddish-brown ochreous films. Powder greenish-gray. Under 
the loup, the ground-mass appears to be chiefly made up of very minute glistening imi- 
caceous scales, sometimes in black bunches of a little coarser texture. The chiastolite 
blades all exhibit a more or less decided black line down the centre, which, under the 
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loup, is found to consist of scales like those of the ground-mass; the chiastolite material 
‘ on either side of the line is white or colorless, where undecomposed, but has usually 
been rendered yellowish by alteration. ‘The black bunches of micaceous scales, above- 
mentioned, often have the same bladed form and are evidently pseudomorphs after 
chiastolite. Weathers inegularly to a light brownish-gray, spotted by the decomposed 
and brick-red blades of chiastolite. Specific gravity, 2.69. 

Microscopic description. To the naked eye and under low-powers, the thin-section 
displays a few minute prisms of chiastolite scattered through a dark, minutely-speckled, 
brownish ground-mass, which is also occasionally traversed by short and narrow yellow- 
ish-white veins. Long, brownish, minute bodies, with rectangular sections, denote the 
last stage in the alteration of the chiastolite-prisms. With higher powers (X140), the 
ground-mass is resolved into a mixture of a predominant quantity of blades of color- 
less tremolite, with a somewhat smaller amount of scales of brownish biotite and black 
particles of carbon, with a colorless material diffused throughout their interstices. In 
some parts of a slide the elongated scales and particles of these minerals have a paral- 
lel arrangement, and a scaley structure is produced, probably by a contraction of the 
material of the ground-mags around the blades of chiastolite. Only a few crystals of 
this mineral occur in the thin section, mostly enclosing the characteristic prism of impu- 
rities (Hatly’s ‘‘macle circonscrit’’), with an outer envelope of the pure mineral. 
The impurities have sometimes a regular and parallel arrangement, so as to produce a 
well-defined prism, with sides parallel to that of the crystal, but are usually heaped to- 
gether irregularly —perhaps disarranged by the alteration of the crystal. The dimen- 
sions of the prism are from 0.14 to 0.21 mm. in width and 0.79 to 1.39 mm. in 
length. The inclusions consist chiefly of brownish scales of biotite, with a smaller 
quantity of particles of carbon lying in all planes. In polarized light, at +, the adja- 
cent angles of this inner prism and of the outlines of the crystal are, in some instances, 
connected by dim, dark lines, running diagonally. The brownish blades aiready men- 
tioned are filled throughout with the same inclusions and show complete alteration of 
the chiastolite and diffusion of impurities. The outer envelope of the pure mineral 
constitutes the bulk of most of the crystals. Its material is clear and colorless, is tra- 
versed by two systems of cleavage-lines at right-angles (prismatic and basal), contains 
few inclusions (chiefly particles of carbon), and polarizes with lively colors — bright- 
green through yellowish-white to maroon, between the crossed nicols. In most crystals, 
however, the usual alteration has taken place, evidently from the outside, rendering the 
outlines more or less Jagged and irregular, and leaving only a few rounded grains of un- 
altered mineral, distinguishable by their clearness,the absence of color, surviving cleavage, 
and especially their polarizing properties. The alteration material is yellowish-white, 
minutely granular, contains more or less impurities (chiefly carbon, with a little 
biotite), is often separated from the grains of unaltered chiastolite by a heaping up 
of a black line of carbon particles against the outlines of the latter, and appears to 
consist of the colorless material of the ground-mass, polarizing in a@ similar way. 
Biotite is commonly dispersed through the ground-mass in irregular, usually angular 
brownish scales (140), lying in all planes, generally 0.01 to 0.04 mm. in diameter. 
Others, of greater length and lighter tint, with good striation and strong dichroism, are 
cross-sections sliced by the thin-section. Where the laminated structure appears in the 
section, the biotite scalesare gathered together into bunches, sometimes 0.3 mm, in 
length. This mineral is also distributed through the altered crust of the chiastolite- 
crystals and forms the chief inclusion within their cores. The black and opaque parti- 
cles of carbon are irregularly distributed through the ground-mass without arrangement. 
Even at a magnifying power of 925 diameters, their outlines remain irregular, and the 
larger flakes are especially ragged, and pierced with minute holes, which signify that 
they are merc loose aggregations of the smaller particles. Their usual diameter is 
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0.003 to 0.019 mm., but vanes from the minutest particles to 0.21 mm., or larger. 
A few display fine lines, being either fine microliths or the edges of flakes. Both the 
particles of carbon and scales of biotite are concentrated more thickly around the per- 
iphery of a chiastolite-blade, and there render the thin section darkest; black layers, 
linear in cross-section, are also sometimes deposited in the cleavage fissures of the min- 
eral. The colorless to yellowish-white grains of the altered chiastolite crystals, and the 
similar narrow blades of the ground-mass should probably be referred to tremolite. 
These blades are generally 0.002 to 0.008 mm. in width, varying from 0.0008 to 0.(38 
mm.; and in length, generally 0.05 mm., varying from 0.004 to 0.266 mm. The 
mineral polarizes like tremolite in a lively way, with bright crimson, brownish-red, yel- 
lowish, and bluish-green colors. In those chiastolite-crystals which are completely 
altered, the material has a fibrous or thready structure, parallel to the prism. Minute 
sub-angular granules, 0.002 to 0.005 mm. in diameter, apparently of tremolite, are 
also everywhere distributed through the ground-mass. IJsoluted, sharply defined scales 
of light-bluish-green chlorite, of hexagonal form, with barely perceptible dichroism, 
0.03 to 0.04 mm. in diameter, may occasionally be distinguished in the ground-mass. 
Their color passes into a brownish-red tinge toward the edges, by ochreous alteration. 
The clear, colorless or ycllowish material which is diffused as a cement in large quantity 
through the confused net-work of the other minerals, and is never individualized in dis- 
tinct forms, may be referred to sericite. In certain spots, between the tremolite-blades, 
clear grains may be distinguished, of almost pure sericite. Its inclusions (925) consist 
of colorless granules and blades of tremolite, the black particles of carbon, scales of 
bluish chlorite, dclicate films and particles of brownish-red ochre, and blood-red to 
brownish-red, non-dichroitic, angular scales of géthite. At +, the mineral either re- 
mains dark in places or polarizes feebly, and is stippled with minute spots (170) 
of aslight tinge of greenish-blue, revealing the constituent scales; and, on rotation of 
the section, the usual phenomena of aggregate polarization are displayed. From the 
powdered rock, a very few purticles of magnetite may be separated by the magnet. 

On ignition, the powdered rock assumes a yellowish-brown color, and loses 4.71 per 
cent. of its weight. In regard to the cliastolite-crystals in this rock, it may be con- 
cluded that their central impurities are not merely inclusions during crystallization, as 
often supposed, but perhaps, at least in the highly-altered crystals, the result of their 
progressive alteration. This rock strongly resembles the “* chiastolite-schist *’ of Gefrees 
(Fichtelgebirge, Bavaria), but differs in the presence of biotite, the far greater abun- 
dance of carbon, and somewhat in the inclusions and mode of alteration of the 
chiastolite-crystals; in the Gefrees-schist the generally parallel arrangement of the con- 
stituents in the ground-mass (lamination) appears more regular and decided, and the 
tremolite is present in round and elliptical fibrous grains, and in shorter needles. On 
the other han1, the chiastolitic clay-slate of Lancaster, Massachusetts, is very similar, 
containing biotite in the same abundance and distribution; but it differs from the present 
rock in the entirely macroscopic size of its chiastolite-crystals, and in the fibrous masses 
of amphibole distributed through the ground-mass. 

1487. Dioryte-Greenstone Schist. Huronran, Formation XIX. N. W. 1g 
Sec. 11, T. 44,R.3 W. Blackish-gray. minutely speckled with grayish-white. A com- 
pact, almost aphanitie rock, traversed by irregular seams, covered with dull brownish- 
red and brownish-yellow, ochreous films, which suggest a schistose structure. Streak 
grayish-white, powder greenish-gray. Fracture (between the seams) rather even, in 
part inclining to sub-conchoidal. Under the loup, the rock appears to be an intimate, 
intermixture of very minute particles of a black shining mineral and of another of gray- 
ish-white color, resembling a feldspar. Specific gravity, 2.87. 

Microscopic description. The thin-section of this very-fine grained rock presents 
under low powers a confused granular ground-mass of brownish and greenish color 
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with granules of opacite pretty uniformly dispersed and here and there a minute clear 
and colorless patch. With a higher power (170) the ground-mass is resolved into 
scales and blades, distributed in apparent predominance through a clear, colorless, 
brownish or yellowish base, which is represented in its purest form by the minute clear 
patches. The mineral of apparent predominance, chlorite, consists largely of minute 
brownish-green scales and granules, in confused aggregation, interspersed with an 
irregular network of brownish-green to brownish-yellow blades, evidently pseudomor- 
phous after actinolite, running in all directions. These blades are usually 0.096 to 0.01, 
rarely 0.02 mm. in width, and 0.02 to 0.11, sometimes 0.27 mm. in length. There 
are also in different parts of the thin-section larger aggregations or homogeneous scales 
of bluish-green chlorite, feebly dichroitic (brownish-white or light maroon to brownish- 
green), with very irregular but rounded outlines. The lighter colored or coloriess forms 
of the mineral are non-dichroitic. The clear base appears to consist of sericite, perme- 
ating the interstices of the chlorite, and, at rare intervals, forming the clear patches of 
0.06 to 0.15 mm. in diameter. The chief and abundant inclusion consists of minute 
scales of chlorite, often circular or elliptical, in which the delicate line, often seen along 
the nm, and curved lines within it, seem to denote minute wrinkles (probably produced 
by contraction, from mounting in hot balsam). Other inclusions are needles of actino- 
lite, often with good pointed terminations, down to microliths barely distinguishable, 
and particles of ochre. Even in ordinary light, but far more clearly at +, certain grains 
are prominent with rectangular outlines and fibrous texture in direction of length, often 
0.04 by 0.19 mm., bluish-white to bluish-gray, sometimes yellowish-white to lght 
maroon, and occasionally greenish-blue; these denote the forms of the original crystals 
of feldspar. Some of the patches are dark, between the crossed nicols, and on rotation 
of the stage, an irregular stippling of the foregoing colors takes place, revealing the 
constituent scales of the sericite. An analysis of this rock is likely to show an absence 
or very small content of the alkalies. Small elongated and opaque grains are strewn 
over the thin-section, each of which, on examination by reflected light, is found to con- 
sist of a minute glittering core of steel-yellow pyrite, enveloped by an opaque layer of 
limonite.’ Their forms are angular, but very irregular, and their diameters vary from 
0.007 to 0.06 mm. Delicate ochreous fringes generally surround them, and also pene- 
trate the interstices of the adjacent granules of chlorite, occasionally in the form of 
blood-red grains. From the pulverized rock, the magnet also separates a few particles 
of magnetite. 

On ignition, the pulverized rock assumes a reddish-brown color, and loses 1.83 per 
cent. of its weight. The confused fine-grained ground-mass of this rock, and the com- 
plete alteration of the original hornblende into chlorite are of very common occurrence 
in American greenstones. The further alteration of the plagioclase almost completely 
into sericite of a brownish tinge also occurs in a greenstone, almost identical in appear 
ance and constitution, from the vicinity of Greensboro, North Carolina. 


2001. Magnetitic Mica-Schist. Huronran, Formation XXI. S. W. gr. See. 2, 
T. 44, R. 3 W. Reddish-gray and dull. A compact, aphanitic rock, with somewhat un- 
even fracture and apparently an imperfect schistose structure. Streak grayish-white, 
powder fawn-colored. Hardness about 6. Under the loup, it exhibits a small amount 
of very minute glistening light-brownish scales, distributed through a predominant 
brownish ground-mass, apparently feldspar. A few fissures and seams occur, covered 
with brownish-yellow ochreous films and larger scales of the mica. Weathers to a black- 
ish-gray smooth surface. Specific gravity, 2.67. Loss on ignition, 1.91 per cent. 

Microscopic description. This rock resembles 1429, but its thin section reveals an 
inferior content of magnetite, which is also indicated by the lower specific gravity, 


1A common form of macroscopic pseudomorph elsewhere. 
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lighter color, and still smaller quantity of magnetite taken up from its powder by the 
magnet. Quartz appears to constitute the clear, colorless, and, in ordinary light, ap- 
parently homogeneous ground-miass, generally predominating in quantity over the bio- 
tite. It is also isolated in patches larger than those of 1429 and also clearer, the few 
inclusions consisting of tiny colorless rounded scales; in size, these patches vary from 
0.97 to 0.11 mm. across, in cne case 0.75 by 1.45 mm. In polarized hyht (the granules 
being larger than those of 1429 and the section a little thicker) it polamzes decidedly, 
yellowish-white or greenish-white, by blue, to brownish or dark, or sometimes from 
greenish-blue to brown and dark; at +, dark-gray or the colors Just mentioned. Crys- 
stals and grains of amphibole, and sometimes perhaps of feldspar appear to be repre- 
sented by occasional rectangular or rhombic patches, clear and colorless (clearer and 
whiter than the quartz of the ground-mass), which sometimes also retain traces of cleav- 
ave lines in one or two directions, and even a fibrous texture. They polarize brilhantly 
with a net-work of bluish-green and crimison colors, and appear to consist of tremolite. 
In diameter they vary from 0.09 to 0.10 mm. Their inclusions are few, viz., granules of 
magnetite and minute liquid-inclusions (38090), with circular or elliptical sections. The 
clear and rounded patches in the ground-mass, already described, appear to offer a con- 
dition of more complete alteration. Biotite is very abundant in sharply defined scales 
and blades, of a slaty-gray, brownish yellow, and maroon color, deeper than in 1429. 
The scales have an irregular but rounded to sub-angular form, and an average diame- 
ter a little greater than in the other rock, 0.03 mm. (0.006 to 0.12 mm.), and when 
very small generally possess a pale brownish-yellow tint to colorless; they usually dis- 
play strong dichroism and absorption, even in the colorless scales, changing on rota- 
tion to deeper shades of maroon or to opacity; in polarized light, at +, they display 
lively colors. The blades are rare, rectangular in section (often slender needles have becn 
produced by separation from larger scales), and display little or no dichroism and feeble 
polarization, Other similar scales, apparently blades, are cross-sections of the scales 
0.006 to 0.01 mm. in width and 0.U6 to 0.09 mm. in length, and are distinguished 
from the former by their striation and powerful absorption. Many of the larger scales 
of biotite suggest, by their form and fissuring, that there were originally large leaves of 
the mineral in this rock, whose disintegration, probably by motion of the mass in a pasty 
condition, has produced the present tiny scales. Some of the smaller scales appear to 
have experienced an ochreous altcration, and to this may also be referred a few large 
patches or films, in one case 0.66 mm. in diameter, varying in color from yellow to 
brownish-orange, minutely granular and non-dichroitic. A few of the slender colorless 
to yellowish-white blades and granules in the ground-mass resemble tremolite, in form 
and polarizing property. They are mostly gathered in the clear patches which seem to 
mark the position of former large blades of hornblende. Black and opaque hexagonal 
scales, apparently of hematite, are abundantly distributed through the ground-mass, 
averaging about 0.018 mm. in diameter. Also smaller granules and particles, of which 
those with square cross-sections probably denote the magnetite, which, in very small 
quantity, may be separated by the magnet from the finely pulverized rock. The 
smaller granules are often included in the scales of biotite, sometimes gathered in 
groups, and somewhat concentrated within and around the borders of the clear patches 
in the ground-mass, In reflected light many of these latter display sparkling whitish 
surfaces which may denote particles of pyrite. 


12. Chrysolitic Diabase. KEWEENAWAN. Northeast quarter Sec. 31, Town 45, 
Range 2 West. Brownish-gray speckled with brownish-red. A somewhat decomposed 
and friable rock, resembling but coarser than the similar rock No. 84, chiefly made 
up of brownish-red plagioclase-feldspar, in facets sometimes half-an-inch across and 
not infrequently striated, but with lustre and translucency less than that of the 
latter rock. Coarse grains of black augite, with high lustre on fracture, may also 
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be distinguished. Fracture very uneven. Powder greenish-white. Weathers to a 
depth of about 3; inch to a light brownish-gray, speckled and roughened by projecting 
crystals and thin plates of magnetite. Specific gravity, 2.81. 

Microscopic description. The coarse texture of the thin-section at once reveals to the 
eye that the feldspars largely predominate in quantity, and under a low power in polar- 
ized hight, that they consist chiefly of labradorite, with a smaller amount of orthoclase. 
The labradorite occurs in sharply defined and distinct crystals, quite clear and colorless, 
with twin lamellation (striation) plainly and often strongly marked in ordinary light, 
and with their terminations and angles sometimes sharp and sometimes gracefully 
rounded. Under sufficiently high power (X 140), many inclusions are observed, viz: 
greenish viridite, as films and scales in the fissures, as narrow ribbons across the clear 
fields, and many nearly colorless and generally disseminated minute scales and grains; 
brownish biotite, in delicate scales between the grains; magnetite, in tiny black gran- 
ules; and colorless tale in abundant short blales and minute fragmentary granules, in 
the close vicinity of the olivine grains. In polarized light, at +, the usual magnifi- 
cent lineation (twin-lamellation) of labradorite is displayed, with the greatest variety 
in the width and alternation of the bands of brilliant colors. Orthoclase! occurs in a 
few distinct but small grains, also as bands interlaminated with plagioclase, sometimes 
exhibiting the characteristic comb-like markings and generally good cleavage, at least 
in one direction. A very commun and interesting inclusion consists of small colorless 
needles, apparently of plagioclase (X 1.5 to 800), which appear dark or opaque at low 
powers and impart a cloudy appearance to many of the orthoclase-grains. They vary 
greatly in length from short microliths to long needles, and lie mostly parallel to the 
cleavage-lines of the feldspar. The terminations are generally sharply defined, and ap- 
pear, in cross section, as minute spots (X 10U0 to 2550) of rhombic, square, or rectangu- 
lar form, and 0.008 to 0.027 mm. in diameter. Commonly a long needle is not found 
to be continuous, but consists of beads or short rods; 120 were counted in a single needle. 
ly.ng at various intervals and in the same line; they suggest, not the fragments of a dis- 
jointed needle, nor its partial removal by subsequent solution, but rather a development 
from material insufficient in quantity for their growth. 

Augite is the chief constitu:nt afcar the feldspars, in irregular masses of brownish 
white to brownish-gray color, non-dichroitic, wth a strongly marked prismatic cleavage 
(even fibrous, like diallage, in some places);* another less distinct cross-cleavage at 
right-angles to the first, and a third still more indistinct and oblique. All these cleav- 
ages are beautifully accentuated by the abundant opaque inclusions, occupying short 
fissures, and the common direction of the cleavages in different grains shows that they 
are but parts, sliced by the thin-section, of a single mass, which occupies the interstices 
of the feldspar-grains, and therefore is later in origin than the latter. These grains are 
0.5 to 1.0 mm. in width, and sometimes 2 to 8 or 10 mm. in length, and are also trav- 
ersed by irregular wide fissures filled with opaque substance. Many inclusions are 
dispersed through the augite, viz., granules of viridite, magnetite, and filmy scales of 
biotite. Much of the augite shows more or less alteration. First, it assumes a greenish 

'It is well known that simple crystals of a plagioclase, when cut nearly parallel to the brachy- 
pinacoid, present monochromatic areas between the crossed nicols, which may very easily cause 
them to be mistaken fora monoclinic feldspar. Rosenbusch calls attention to the possibility of 
this mistake in examinations of gabbro (Mikr. phys. d. mass. Gest. 460), but still admits the pres- 
ence of orthotomic feldspar in two Italian gabbros (op. cit. 463); Zirkcl, Rutley, etc., also find or- 
thoclase in the Norytes of Sweden, etc. In the absence of confirmation of its presence in the 
chrysolitic diabase (or gabbro) of Wisconsin by chemical or other means, I only intend to state 
that certain feldspathic grains, subordinate in amount tothose which are distinctly triclinic, often 
present the optical phenomena most commonly attendant upon the monoclinic feldspar: such as 
cross-hatching, depolarisation in complementary colors on cither side of the median divisional 


plane through a twin, saturation to cloudiness by included microliths of a plagioclase feldspar, etc. 
7H. Rosenbusch: Mikroskopische Physiographie der massigen Gestcine, p. 354. 
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shade, with numerous irregular short cracks, indistinct cleavage, and roughened surface 
(like that of olivine); at +, the distinction between the two varieties is very marked, 
the unaltered augite being usually traversed by stripes of color coincident with the 
cleavage, while, beyond a sharp line, the altered mineral displays a uniform sheet of 
bright color. Secondly, the altered mineral passes insensibly into a confused field of 
vinidite, loses the fibrous structure, but retains the stronger cleavaze-lines, becomes 
greenish-white to colorless, and ia filled with granules of magnetite. Or, it is surrounded 
by a similar border of viridite, with the magnetite granules gathered along the original 
cleavage-lines or in an irregular band of ragged grains along the outlines, A similar 
passage into biotite may be also observed. Viridite is a common constituent, in small 
quantity (probably in part only a form of biotite), generally greenish-white and with a 
watery appearance, sometimes bluish-green, and generally, but not always, more or less 
dichroitic. It occurs in broad scales, deep-colored, in the vicinity of the augite, in long 
filmy bands traversing the feldspars, and in granules disseminated, generally in the 
vicinity of the angite, as a greenish to colorless dust or cloud. Sometimes a delicately 
fibrous or thready texture is presented, probably by the edges of the leafy scales. Its 
common inclusion is magnetite, in granules or dust. 

Chrysolite (olirine) is commonly distribuied through the grains of augite, or some- 
times in the feldspar in its vicinity, in rounded grains, generally elongated or elliptical, 
and sometimes hexagonal in section when small. The major axis is from two to six 
times the lencth of the minor, the former varying from 0.49 to 1.33 mm., and the 
latter from 0.10 to0.26 mm. The mineral is clear and colorless (and so distinguishable 
from the brownish augite when unaltered), with the delicately roughened surface charac- 
teristic of olivine, often displaying an imperfect cleavage by short parallel fissures, and is 
generally traversed by more irregular and strongly marked cracks, often nearly at right- 
angles; in polarized light displays the brilliant chromatic polarization, with lively colors, 
from maroon at + to yellowish and to bnght bluish-green, on rotation of either nicol, 
but in some grains the polarization is not so brilliant or is more irregularly stippled. 

The grains are almost always more or less altered, at least superticially or along the 
cracks — nerer into serpentine, as commonly described in the literature of lithology, but 
by a mode of alteration, I beheve, new to the science —into biotite, riridite and talc. 
Sometimes there are strongly-marked veins, consisting of the greenish mineral (viridite), 
sometimes of brownish-yellow to brownish-red biotite, together with abundant granules 
of magnetite. Again, one side of @ grain, or an entire grain is altered into biotite, 
which, where it happens to have been sliced in cross-section, presents the usual strong 
dichroism and the striation from side to side, without regard to the structure of the 
original olivine; this also is dotted with magnetite, and the contour of the grain is also 
sometimes marked by a thin laminated layer of dichroitic viridite. Again, a thin 
grayish-white, often cloudy, crystalline crust, generally 0.11 mm. in thickness, either 
forms a lining to one side of an olivine-grain (or adjacent angles of augite) or even 
completely envelops the smaller grains; it 1s made up of thin, delicate, wavy scales 
(X170) perpendicular to the encrusted surface, and consists of a colorless glassy mineral, 
with aggregate polarization between the nicols, and the changes of color on their rotation 
(yellowish- white to light maroon) which identify it with tale. An interesting illustration 
of the expansive force of crystallization is exhibited in some of the olivine-grains (and 
represented in Fig. 1, Plate XXII) by a rupture of the talc crust at one point or at several 
along the edges of lamination of the biotite. The outline of the talc-crust represents 
the crystalline contour of the olivine-grain and was evidently the first formed. At 
certain points fragments are sharply broken off and projected and even disintegrated 
into scattered scales, between which the pointed edges of the lamine of biotite are 
thrust forward from the mass within the grain. In the sketch (Fig. 1, Plate AXID), 
three altered grains of olivine are represented near the edge of the thin section and 
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enclosed in feldspar. The upper one consists of a core of biotite and surrounding shell 
of talc, the latter simply fractured on its upper edge, at a. ‘The two lower grains ex- 
hibit the projection of the biotite lamina through the shell of talc to the right hand at 
b and ¢ (along the plane of easiest fracture —the cleavage-plane of the feldspar). The 
lower grain also retains much unaltered olivine, traversed by the usual ochreous veins, 
only partially converted into biotite in the upper corner near the point of rupture in the 
tale-shell. The mode of alteration thus suggested consists, first, of the attack on the 
olivine-grain by simple atmospheric waters, the removal of the iron constituent (possibly 
as carbonate) and its deposit as ochre within the cracks of the olivine, and the re-crys- 
tallization of the remaining constituents in the form of the envelope of tale—the sub- 
sequent permeation of the interior by alkaline solutions, probably derived from the 
decomposition of the surrounding feldspars — the gradual conversion of the olivine-core 
into biotite, with an accumulating force of expansion outwards and a final rupture of 
the crust. In one grain (in another part of the thin-section) there has been apparently 
an alternation of these processes, as the core of the crystal, chiefly biotite, is on one 
side enclosed, first, by a thin layer of talc, then of biotite, and finally of tale — the latter 
ruptured at several points. 

The biotite presents a yellowish-brown color with little or no dichroism, when its leaves 
lie in the plane of the thin-section; in cross-section it is mostly brownish-ycllow and 
clear, striated, and with powerful dichroism and absorption; often also of greenish 
shades, but distinguished from true viridite by its dichroism and striation. Besides its 
occupation of the olivine grains, it is found in minute isolated hexagonal scales or long 
filmy bands in the interstices of the feldspar grains. Its few inclusions consist chiefly 
of granules of magnetite. In size its scales vary from 0.05 to 0.42 mm. Magnetite is 
distributed through all the minerals in granules or dust, rarely 1 mm. in diameter, , 
especially in the viridite, with which it appears to have had a contemporaneous origin, 
during the alteration of the augite. In many grains of the latter mincral the prismatic 
cleavage is emphasized at equally distant planes, by dusty lavers of magnetite and 
ochre, which also are lined, as in acomb-like arrangement, on either side, by short pro- 
Jections in the plane t-i. Ochve is commonly disseminated in small quantity in brownish- 
red and brownish-yellow particles through the other minerals, imparting its color — 
especially in films through the cieavag2-planes, or gathered in numerous clouds among 
the congeries of viridite-granules. The tale encrusts not only the olivine grains but 
udjacent surfaces and angles of the augite. In the latter case the plates are generally 
flat, but, on the olivine-grains, more or less curved and wrinkled, always inclining 
toward the nearest point of rupture, and evidently bent by the same force. 

On ignition of the powdered rock, it assumes a yellowish-brown color (probably by 
absorption of oxygen) and loses 0.89 per cent., which may be taken as an approximate 
indication of the amount of water represented by the hydrated minerals, viridite, tale, 
and ochre. The order of succession, in which the several minerals have crystallized out, 
seems to have been as follows: olivine, orthoclase, lubradorite, olivine and augite, tale, 
viridite and magnetite, biotite, and ochre. So far as American lithology is concerned, 
this appears to ba, with one exception, the first published observation of a rock of this 
class, in fact everywhere of rare occurrence. But in Sweden, at Asbyn, Elfsalen, occurs 
an “ olivine-diabase ”’ containing exactly the sam? minerals and with the same p2culiar 
alteration of the olivine grains into biotite. The latter rock differs from this, however, 
in the general cloudiness of the feldspars and in the occurrence of the talc in large hex- 
agonal and clear plates. The frequent tendency of the augite to a fibrous structure, 
wine-colored tint, and feeble dichroism, suggests the process of alteration into diallage, 
to which the Iatter mineral probably always owes its origin,! and it is possible that here, 


1G. Bischoff, Lehrbuch der chemischen und physikalischen Geologie, II, 654, 1866. F. Zirkel, 
Lehrbuch der Petrographie, II, 113. 
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as apparently in Swoden, thera miy yet be found a petrographical transition into and 
asaoviation with the ‘ olivine-gabbros,"’ if not with the norytes so common in the lau- 
rentian terranes of this continent. The exception, to which reference haa just been 
made, is the similar chrysolitic doleryte and diabasa, rich in labradorite, pyroxene, and 
olivine, with a littl: biotite and magnetite enclosing metallic iron, from Dog river and 
Ossipee, New Hampshire. But there are marked differences, especially of alteration, in 
the presence of augits and orthoclase, the passage of the olivine into biotite and talc, 
etc., in the rock of Wis:onsin, and, on the other hand, in the abundance of vinidite and 
of the anamesitic ground-maas in the New Hampshire varicty.! 


84. Chrysolitic Diabase. Kirwrenawan. Outlet of Bladder lake, Sec. 11, T, 
44,R.4W.  Blackish-gray, coarsely speckled with grayish-white. A compact rock of 
medium grain, which anpears to the eye to be chiefly male up of a gray to grayish- 
whits, almost glassy fel lspar, in small plates with fine cleavage, lustre, and sometimes 
striation, lying in all planes. Especially with the help of the loup, the augite may be 
distinguished as in 12, and also more minute grains of magnetite. Weathers like 
12, to a light brown color, showing particles of ochre on edyvs of fracture. Specific 
gravity, 2.92. 

Microscopic description. The chief characteristics are identical with those of the 
other rock, and attention will be called only to the points of difference. Labradorite 
predominates as in the other rock, but in rather coarser plates, which usually vary in 
width from 0.35 to 0.69 mm. and in length from 0.52 to 4.0 mm. Inclusions as in the 
other rock, with the exception of talc; anda few black needles like those in the orthoclase 
were observed, also a few short colorless microliths which may b2 apatite (?), and a very 
few gas-cavities. Orthoclase* occurs mach more abundantly than in the other rock, in 
rather large grains, often of round:d outlings, and som2times in crystals. One large crys- 
tal measured 1.26 mm. in width by 4.91 mm. in length. It is sometimes clear and 
colorless, with fine cleavag2-lines in one direction and occasionally more faintly marked 
in another; but in general it may be distinguished from the clear and glassy labradorite 
sections by its cloud of inclusions (except around the margin of the grain), viz.: short 
minute needles of plagioclase, arranged mostly parallel to the strongest cleavage-lines, 
but in part irregularly or parallel to another cleavage. Otherinclusions, far less abundant, 
are particles of ochre, striated rods of labradorite, wine-colored scales of biotite, grains of 
mugnetite, and black arborescent films of pyrolusite along the cleavage-planes. In polar- 
1z¢4 light, passes from yellow or straw-colored to greenish-blue and to shades of brownish- 
red or maroon, and often shows twinning, interlamination with labradorite, and the pre- 
dominance of one or the other feldspar on either side of a twin; the labradorite also often 
appears to envelop .an irregular grain of orthoclase as a nucleus. The plagioclase 
needles above mentioned lie, in some grains, all in the plane of the thin-section with 
their full Jength and both terminations displayed; in others, they have all been sliced 
obliquely by the section, and in others again, they are nearly all seen in cross-section. 
They vary in width from 0.002 to 0.018 mm., and in length from 0.002 or less up to 0.11 
mm. Their terminations at either end always exhibit a perfect crystalline form, some- 
what pointed, whether the needle is short or long. Most of the needles in some grains, 
are dark and opaque, even at magnifying powers of 1,000 to 1,500 diameters, apparently 
in part on account of their small size, since the larger needles are invariably the clearer. 
Still it appears from a study of both cross and longitudinal sections that in this rock 
they consist of two materials, the one clear, colorless and predominate — plagioclase, 
and the other of a reddish color and in small quantity, ochre. Often a needle possesses 


?Am. Jour. Sci. XIII, 34, 1877.—G. W. Hawes. His full description of this interesting rock may 
be seen in Vol. If of the Report of the State Geo‘ogical Survey of New Hampshire. 
* See foot note on page 234. 
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the jointed structure, as with those of 12, or is made up of spherulites about 0.002 
mmm. in diameter, so that its sides and terminations are irregular. The ochre often 
occurs as minute films between the component spherulites, especially near the middle 
of a needle, and so accentuates its jointed structure; or it appears both in the longi- 
tudinal and cross-sections to occupy a central core along the needle, possibly an optical 
deception; or it appears in a ditfused form, imparting a reddish tint, 4. e., probably 
in particles irregularly disposed and too minute to be resolved by the powers em- 
ployed. The augite occurs in brownish to wine-colored grains, from 0.52 to 2.97 mm. 
in length, with the fibrous cleavage rather more distinct than in 12, with some- 
times a weak dichroism (X 170) — light wine-colored to greenish-yellow — and with the 
same method of alteration as in the other rock, into viridite and biotite, and with similar 
inclusions, with perhaps the addition of ragged granules of pyrolusite. Rectangular 
sections of labradorite crystals may in both rocks be often observed completely enclosed 
inaugite. Viridite is inconspicuous, but with the same mode of occurrence as in the 
preceding rock, and exhibiting the same genetic relationship to biotite, both by intimate 
association and actually observed transition. Olivine in this rock (at least so far as 
shown by the two thin-sections studied) occurs only as rounded grains. Its general 
characteristics are the same as in the preceding rock. But in polarized light it rarely 
displays the characteristic chromatic polarization, but mostly an alteration of its optical 
constitution which produces a feeble polarization at +, with tints of slate-color and 
yellowish-white. Nor are its alteration-products exactly the same as in the former rock. 
Talc is nowhere observed, and the dark material, deep brownish-red to opaque, which 
traverses the grains in veins or envelopes them with a fringe, seems in part to be an 
ochreous biotite, where it shows dichroism or at least absorption by differences in depth 
of the reddish tint, but in large part simple ochre. From the augitic magma which 
occupied the interstices of the feldspar during the solidification of these rocks, the crys- 
tallization of the olivine evidently preceded that of the augite. Biotite is present in 
somewhat less quantity than in the preceding rock, and is here also certainly and en- 
tirely an after product. It occurs in scales, rarely hexagonal, mostly 0.09 to 0.17 mm. 
in diameter, and regular films distributed through the fissures and interstices of the 
other minerals, or adhering as a fringe, about 0.05 mm. in width, to the grains of mag- 
netite, ete. Magnetite commonly occurs imbedded in the augite, in grains 0.03 mm. 
or less up to 3.48 mm. in diameter, with imperfectly crystalline outlines; also in groups of 
the smaller granules, interspersed in feldspar with the viridite granules. Its presence 
was confirmed by its separation, by means of a magnet, from the powdered rock. Ochre 
is chiefly confined to the veins and vicinity of the olivine-grains, and intimately associ- 
ated with biotite. 

On ignition of a weighed quantity of the powdered rock, its color changed to a reddish- 
gray and it lost 0.48 per cent. in weight, confirming the’ microscopic observations of a 
smaller content of the hydrated minerals in this rock than in the preceding (12), It may 
be remarked that the rock represented by this and by the preceding sp2cimen differs 
widely from the Mesozoic diabase, which forms so important a feature in the geognosy 
of the Appalachians, in both the nature and arrangement of its constituents. In the 
latter rock, olivine is but an accessory and often wanting, and the method and results 
of its alteration, as well as that of augite, are quite different from those in the Wiscon- 
sin rock. Again, even in the hand specimen, and still more distinctly in thin-section, 
the eruptive diabase of the Mesozoic always presents an exceedingly confused aggre- 
gate of fractured minerals, while that of Wisconsin is characterized by the sharp and 
perfect outlines of its crystallized minerals (Fig. 2, Plate XXII). This latter character- 
istic 18 also often found in the metamorphic diabase (meta-diabase) of the Appalachian 
belt, where it may be considered to indicate gradual and uninterrupted crystallization 
in repose.— Scnoou or Mines, CotuMBIA COLLEGE, New York, February, 1878. 
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INTRODUCTION, 


It was an open question, for some time, as to the best manner in 
which to present the results of this season's work to those interested 
in the future of the Penokee Range, since it is desired that the report 
may possess as much interest to the practical man as to the scientific. 

To fulfill these conditions, the following plan has been adopted: 
First, to give a geological section, so far as made out, of the rocks 
across the range, and to correlate, as near as may be, its members with 
those of the Michigan series —numbering the divisions to correspond 
with those in the Michigan Geological Report for 1873 — then to give 
a detailed description of the country gone over, referring whatever 
ledges of rocks were seen to this geological section. 

I deem it essential, however, to first give a description of the dipping 
needle and dial compass, and how to use them, since, as before stated, 
many of our most important results are dependent on the magnetic 
attractions observed along the range. In fact, were it not for these 
instruments, it would have been quite impossible to trace the series 
across some of the long covered areas of this belt. 

Vor. ITT.— 16 
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CHAPTER I. 


DIPPING NEEDLE AND SOLAR DIAL COMPASS, AND 
THE METHOD OF EMPLOYING THEM. 


As the results obtained on the Penokee Range during the season of 
1876 are, in a large measure, due to the use of the dipping needle and 
the dial compass, we will describe the construction of these instru- 
ments, and the methods of employing them, before proceeding to a 
detailed report of the observations which I have made in that district; 
and of the results deduced from them. 

The dipping necdle, like all other inventions susceptible of modifica- 
tion, has a variety of forms. The simplest of all is the Swedish, no 
doubt suggested by the dipping of the surveyor’s compass needle when 
placed over any mineral deposits possessing magnetisin. This instru- 
ment consists of a brass cylindrical box about three inches in diameter, 
and of nearly the same height. The necdle supports have a double 
joint, after the manner of the mariner’s compass, which allows a com- 
plete revolution in a horizontal plane, and an inclination all around the 
entire circumference of about 30°. This instrument is very convenient 
for rough work, when accuracy is not essential. 

Another form, and the most common of all, is a brass box from 
three to six inches in diameter, and from three-fourths to one inch in 
thickness. The two faces of this circular case are formed of plain 
glass plates. The needle is a narrow piece of steel, with a small hard- 
ened steel axis passing at right angles through its center. The ex- 
tremities of this axis are nicely pointed and polished, and rest in 
concaye centers (supports) of agate, or finely hardened steel, so set that 
the needle revolves freely in the plane of the instrument. 

To the inside rim is attached a graduated circle, which is divided 
into quadrants, and each of these into 90°, so that when there is no at- 
traction to influence it, the needle, if properly adjusted, and held in a 
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vertical position, facing east and west, will mark zero upon the gradu- 
ated circle. If the attraction is such as to canse it to assume a posi- 
tion at right angles to the horizon, it will point to 90° on the scale. 

These instruments, though apparently simple, are, if not well made, 
very liable to get out of repair. This trouble, in the woods, is a con- 
stant source of annoyance and uncertainty, and cannot be fully appre- 
ciated until experienced. I have tried a number of these instruments, 
from different makers, and find that they generally answer well at first, 
but what is most desirable, and, in fact, indispensable, is that they should 
give always the same result under the same conditions, so that we may 
compare tlie results of one portion of our work with those of another. 

As the sensitiveness of the compass depends entirely on the action 
of the neadle, it is only necessary to briefly consider that part of the 
instrument. The chicf trouble with the needle is, that the points of 
the axis upon which it revolves become blunted or injured by use, 
thereby increasing the friction, and thus, in like ratio, retarding its 
movements. Could we by any means eliminate the friction completely, 
the dip compass would be, within certain limits, perfect. 

This being impossible, however, in the form of the compass which 
we are considering, let us examine the cause of this evil. It is plainly 
evident that the heavier the needle is, the greater the friction will be, 
and also the liability of the fine bearings to become blunted. To ob- 
viate this difficulty, we must have a needle as light as possible without 
impairing its magnetism. The nearest approach to this, I consider, is 
an instrument made by Messrs. W. & L. E. Gurley, Troy, N. Y., after 
a sketch sent them by myself. The needle of this instrument is con- 
structed of two very thin plates or ribbons of stecl. It is therefore 
light, and has a large amount of surface, which latter renders it very 
powerful. This combination of lightness and power, make the needle 
sensitive and durable. 

There is the objection to this style of dipping compass — wherein 
the needle revolves in only one plane—that it necessitates the bring- 
ing of this plane into a vertical plane which passes through the mag- 
netic meridian at the point of observation. With a little experience, 
however, we will be enabled to do this with considerable readiness 
and accuracy. 

Another form frequently met with, is a combination of the Swedish 
dipping compass and the one just described. By means of a universal 
joint, it has, in addition to a complete revolution, a limited lateral mo- 
tion. The main objection which I have to this compass is that it re- 
quires more time for the needle to “settle,” and the glass face of the 
instrument must be protected from all friction, or great care must be 
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taken to remove the effects of friction, otherwise the glass becumes 
electrified and the needle will either adhere to it, or be influenced by 
it so as to destroy the accuracy of the observation. There are other 
forms of the dip compass, but these three styles are the most common 
ones in use. 

The dial compass, which I have used for the past two years, was de- 
signed by Major T. B. Brooks and myself. The needle is 24 inches 
long, and is light, and extremely sensitive. The graduated ring has a 
movement of 20° to either side of the zero point, and so may be ad- 
jJusted to the normal variation, so that the true lucal deflection may be 
read directly from the instrument. The gnomon, or coarse black silk 
thread, which casts a shadow on the dial plate, is fastened to the coin- 
pass plate at a point on the south side of it, while the other extremity 
of the thread is attached to a hinged standard on the north side of the 
compass. When the standard is upright, the angle included between 
the thread and the compass plate should be equal to that of the lati- 
tude of the place in which the instrument is to be used. 

There are several accessories to this instrument, but this alone is all 
that has any bearing on the subject in hand. It may be used ona 
tripod, or fur rapid work held in the hand, which after some practice 
ean be accomplished with very good approximate results, sufliciently 
accurate for this kind of work. It is necessary that the observer 
should be provided with the correct local time. 

The application of the dipping needle and dial compass is simple, 
and the results, when rightly interpreted, are very satisfactory. We 
will suppose a covered magnetic belt, having a strike of north and south, 
and dipping vertically. If the magnetic attraction is strong, either 
instrument will answer. If, on the contrary, the attractions are slight, 
we are liable to pass them with the dipping needle; but the dial com- 
pass needle, beiny far more sensitive, will, even where the attractions 
are exceedingly faint, give a variation to the west, on the east side of 
the belt, and to the east, if the compass be taken to the west side of this 
line. Should the variation be only three or four degrees, we must then 
cross the line of attraction at every twoor three hundred feet, and draw 
a line through the maximum of these attractions. 

It will be noticed that the dial compass is more useful in this case 
than the dipping needle. We will suppose, however, that the magnetic 
belt has a trend of east and west, and dips as before, as we approach it 
from the south side; the needle begins to vibrate more rapidly, and the 
north end of the dipping needle gradually dips downwards, until we are 
directly over the belt, where, if the attraction is sufficiently strong, its 
position will be vertical, or 90°. 
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The vibrations of the needle are now the most rapid. Continuing to 
move northward, the lower end of the needle will move into the south 
quadrant, and continue moving to the south until the local force by 
which it is thus influenced, ceases to predominate over the normal 
attraction of the earth. But owing to the well known law of magnet- 
ism, that the magnetic power increases and diminishes, nearly, as the 
square of the distance, the needle slowly retraces its path and passes 
the 90° point again. The number of vibrations of the needle during a 
unit of time are greatly lessened, and if the pivots are at all blunted, 
the needle will frequently settle indifferently in any position. From 
this we have two 90° dips, the south one, directly over the local attrac- 
tion, and the north dip, the resultant of two magnetic forces, the local 
attraction to the earth, and the terrestrial magnetic force. But let us 
observe the dial compass under these conditions. Commencing again 
on the south side, the vibrations of the compass needle become acceler- 
ated as we near the magnetic belt, but the moment we cross it, the 
needle will be reversed, if the attractions are sufficiently strong. If 
not, the vibrations will fall far below the normal number, and the 
needle will possess but little directive force. In this instance, there- 
fore, the dipping needle answers the purpose best. 

We will now assume one more case where the magnetic bed has a 
strike of southwest, and a dip of say 50° to the northwest. Starting 
again from the south side of the belt, with the dial compass, we observe 
a westerly variation as the line of attraction is approached, and the 
vibrations of the needle are likewise increased. Crossing the line, the 
needle suddenly turns to the east, but this easterly variation will grad- 
ually decrease as we proceed north; and the north zone of attraction 
will be found to be much broader than the southerly one, because of 
the influence exerted by the underlying masses of magnetic material. 
Returning to some distance south of the belt, and again proceeding 
north with the dipping needle, the first attraction which we notice, will 
often be a negative dip. This I at first supposed to be due to the 
boulders detached from the iron belt, but its frequent occurrence leads 
me to conclude that it is to be attributed to another source. It is well 
known that the magnetic rays emanating from the extremity of a mag- 
net, are sent forward in direct lines, parallel to the axis, or resultant 
line of the magnet; but owing to the repellant nature of these similar 
polar rays, the axial rays are slightly deflected; those nearest these 
latter are deflected still more, while they in turn deflect those next in 
_ order from the axial line, and so on repeating and increasing the deflec- 
tion, until we find the outer rays on opposite sides of the axis making 
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an angle, with each other, exceeding 180°. These are not straight lines, 
but are curved, a3 may naturally be inferred. 

The dipping needle, if brought within their influence, would, if the 
terrestrial magnetism were entirely neutralized, assume a position cor- 
responding with the direction of these rava; hence the negative dip. 

If we continue northwest the needle will come down to 90°, if the 
attraction is strong enough, as in the former case, and we may also have 
a second ninety-degree dip. Northwest of the line of the magnetic de- 
posit there will often be, over a large arca, a decided negative dip. This 
is, probably, locally oceasioned, by the undulating character of the un- 
derlying magnetic rocks. 

The cases thns far considered are the simplest with which we meet; for, 
usually, we have small parallel belts of attractions to trace out. Then, 
too, instead of the magnetic beds being continuous, they are, mostly, 
lenticular in form, or are faulted,causing the necdle, frequently, to re- 
verse its direction in passing along the line of attractions. Still, in a 
general way, much ean be learned of the deeply covered magnetic beds, 
and we are thus enabled, by the use of the needle, to connect isolated 
ledges belonging to series having one or more magnetic members. 
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CHAPTER II. 


GEOLOGICAL CROSS-SECTION OF PENOKEE IRON 
RANGE. 


The rocks described in the geological cross-section of the Penokee 
series, given on the opposite page, were not found outcropping on any 
one line crossing the range, but were projected, as near as may be, on an 
imaginary one. In fact it would be quite impossible to embody in any 
local section the characteristic rocks of this range; owing to the limited 
number of outcrops, and the variable nature of some of the beds. As 
an illustration of this latter fact, it was found that the black slates at 
the Penokee Gap are replaced by diorites and hornblende rock to the 
west in Sec. 16, T. 44, R. 5. 

In this geological section it has been my endeavor to cozrelate the 
Penokee Iron-bearing series — Lower Huronian —as near as possible 
with those of Michigan, assumed to be of the same age, as they un- 
doubtedly are. 

We will adopt, for convenience of reference, the numbering first em- 
ployed in the Geol. Rep. of Michigan, 1873, to designate the Lower 
Huronian beds. 

The first rocks we will consider, however, are those of the Lauren- 
tian series, found outcropping on the south side of the Penokee range. 
These rocks are granites, gncissoid granites, and gneisses. At the Gap, 
they have a strike a little to the south of west, and dip from 65° to 80° 
to the south. The granites are dark gray to reddish, depending on the 
predominance of the mica or feldspar. They are fine to very coarse 
grained, the medium grained varieties being, however, the most com- 
mon, The essential mineral ingredients are usually easily recognized. 
The bedding planes, or “ grain,” of the granite, even in the massive 
varieties, may, generally, after careful examination, be made out. The 
quartz is present in grayish or glassy grains, and in blotches; consti- 
tuting, in the latter instance, the matrix of the rock. The milky color 
of the quartz is, no doubt, largely due to internal checks, or flaws, with 
ininute cavities distributed along the irregular planes, which are fre- 
quently filled with a liquid, having a very small bubble moving about 
within it. 
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vite is usually present. The accessory minerals are pyrite, chlorite and 
magnetite, 

Nonconformably overlying the Laurentian rocks are those of the Hu- 
ronian series. We have at the Penokce Gap, where the Wisconsin Cen- 
tral railroad crosses the range, one of the best opportunities I have 
ever chanced upon for observing this interesting fact. This non-con- 
formability on the Penokee, I believe, was first noticed by myself in 
1875. The Huronian series at the Gap are plainly bedded, and have a 
strike of a little north of east, and dip very uniformally 66° to the north. 

The lowest member which I have seen on the Penokee range is a 
marble, or dolomitic limestone, which we will consider as No. IV. 
There may be other members below the marble, as is the case in the 
Huronian rocks of Michigan, but I have never found them. 

At the Penokee Gap, the marble is silicious; in color, light drab to 
grayish white, with shades of green; also light red and pink, not un- 
commonly. This diversity of colors is often observable in a hand 
specimen. The marble is fine grained, and strongly bedded, or massive, 
depending on the degree of metamorphism. When massive, it is usu- 
ally jointed, and weathers toa light drab. Some portions of the rock 
contain pale green to almost white, radiated bunches of actinolite, re- 
sembling, in the latter instances, clusters of arragonite. 

Under the microscope, a section of the rock shows a granular struc- 
ture, and presents, between the crossed nicols, a grayish field sprinkled 
with a few bright grains of silica and an occasional fragment of actino- 
lite. Scarcely any calcite can be seen, since the granules, almost with- 
out exception, are unstriated (dolomite). 

No. V. Immediately overlying the marble at the Gap is a quartzite, 
varying in color from grayish white to white, and from saccharoidal 
to vitreous intexture. It is massive and highly jointed. 

Under the microscope, it presents a very pretty chromatic field, 
composed of irregular shaped grains of quartz. In the section are 
patches, wherein the granules of quartz are much smaller, similar to 
those in which has occurred a replacement of the original mineral sub- 
stance from a silicious solution, suggesting the supposition that this 
quartzite formed once a portion of the marble bed. The rock has 
evidently crystallized am situ. In the quartz are fluid inclusions. 

West of here, in ranges 4 and 5, are several ledges of dolomitic mar- 
ble, which are much coarser grained than the silicions marble above 
described, and which are less silicious. Sce description of specimen 
176 in the following chapter. 

No. VI. Next in order above the quartzite we have a chloro-silicious 
schist. This member was notable for preserving its individuality wher- 
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ever we found it outcropping, and was therefore easily and quickly 
recognized. It has adark grayish green color, fine grain, and is jointed, 
and usually more or less slaty. Along the jointing planes, it is often 
finely corrugated, and has an unctuous feeling. It cleaves readily into 
thin parallel and wedge-shaped plates. Examined with the lens, it is 
dithcult to distinguish any of the chlorite. 

Under the microscope, in the polarized light, numerous chromatic 
grains of silica, partially enveloped with folia of chlorite, appear to 
dot the field. The greenish leaves of chlorite are plainly visible, also 
a few grains of magnetite. With a power of five hundred diameters, 
there may be seen several minute crystals of rutile. 

Nos. VII, IX, and probably No. XI, are represented in the near 
vicinity of the Gap by argillites, or black slates, while west of the Gap, 
from ten to fourteen milvs, as has been already noted, the slates are 
replaced by divrites and hornblende rocks. My impression is that 
these slates and greenstones do not vary greatly in their chemical com- 
position, the texture and structure being due to different conditions or 
degrees of metamorphism. 

The argillites are brownish to bluish black, and have a miero-granu- 
lar texture. Some of these are quite slaty and cleave freely; others 
are more compact. The slates are thicker, and the fracture uneven to 
eonchoidal. On the cleavage planes they have a bright, lively luster, 
but a fracture across the cleavage is of a dull brownish black. Dis- 
seminated through the slate is considerable carbon, which appears 
ragged under the microscope. Numerous slender blades resembling 
microlites of feldspar are visible. Small angular grains of silica are 
present, also brownish and slightly dichroitic leaves, resembling 
biotite. 

The diorites, above alluded to as constituting in part Nos. VII and 
IX of our scheme, are massive, and strongly jointed, rarely ever show- 
ing any signs of bedding. They are fine to coarse grained in texture; 
the cleavage planes of the hornblende in coarse varieties being unmis- 
takable; also grains of magnetite. The other mineral ingredients are 
not so readily distinguished. 

Under the microscope, can be easily recognized, plain and striated 
erystals of feldspar, of amphibole, and an occasional one of pyroxene; 
also a few grains of magnetite. 

The crystals of orthoclase are quite large; and, thickly strewn in 
them, are fibrous fragments of amphibole. The slender crystals of plag- 
ioclase are often partially within the orthoclase, while other portions 
of the same are embedded in the amphibole. Some of the hornblende 
crystals are twinned. As accessory minerals, may be added grains of 
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magnetite and groups of parallel-arranged narrow blades or filaments — 
resembling magnetite or menaccanite. 

The last of the greenstone family we will consider at present, is the 
hornblende rock, which we have already designated. 

No. XI. This member, like the diorite, forms high, bold ledges. 
It is massive, but generally the bedding planes can be made out, and 
the fine grained crystalline textures are the most common. A fresh 
fracture across its grain sparkles, and feels rough and jagged to the 
touch. The rock is jointed; and coursing through it are frequently 
veins or dykes, of the upper granite (see cross section). 

Under the microscope, a section of the hornblende rock consists of 
feldspar and amphibole; also quartz, a little chlorite, and a few grains 
of magnetite. The amphibole and feldspar are contained nearly in the 
same proportion. The former is of a pale green color and only slightly 
dichroitic; the latter consists of plagioclase and orthoclase in about 
equal quantities. 

Returning now to No. VIII, of our cross section, we find it and No. 
X represented by actinolo-magnetic schists. These members are more 
or less magnetic, depending on the percentage of magnetite, and other 
conditions. When dipping at a high angle, and very silicious, they 
are as arule found outcropping, and form high ranges, which, owing 
to their strong magnetic attraction for the needle of the dipping com- 
pass, too frequently play strange freaks with the explorer, who, in his 
imagination, even if he be a fair judge of iron ore, imagines that just 
beneath these leaner schists must lie concealed large deposits of rich 
ores, and that a little more perseverance on his part will unearth it. 
If his stock of pluck, however, is greater than his capital, he is simply 
digging his financial grave. 

This, I regret to say, is no fancy sketch, as the several test pits and . 
trenches on the Penokee range attest. It would not be so deplorable, 
if the individual loss were the only one sustained; in fact, it is only a 
fractional part of the injury done; for the individual failure reflects 
upon the entire range, and thereby retards enlightened, legitimate ex- 
plorations, and the same may be said of any unwarranted adverse criti- 
cisms, from whatever source, the higher the authority, the more dam- 
aging. 

The magnetic schist is banded, with layers of lean ore impregnated 
by actinolite; also layers of arenaceous quartz, and occasionally a thin 
one of magnetic ore. The bands vary in thickness from a mere line 
to one or more inches. Some portions of it are quite slaty and jointed. 
The texture on a fracture is usually fine grained. The color varies 


from gray to brownish black. 
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Cnder the microscope, ina thin section of the magnetic schist from 
the Penokee mine (550 paces west from the northeast corner of See. 15, 
T. 44, I 3), there appears to be about an equal mixture of magnetite 
and actinulite arranged in alternate bands. The fibrous crystals of 
actinolite are thickly matted, making it dithieult to distinguish the sep- 
arate crystal blades. It is possible that there is considerable anthophyt- 
lite intermingled with the actinulite. It is nut easy to distinguish 
between these minerals when they are intimately associated; then, too, 
the dichruitice test cannot with certainty be relied upon, since the lighter 
evlored actinolite shows but very little dichroism; neither can the posi- 
tion of their respective optical axes to their erystal axes be readily 
determined. Seattered through the section appear, in the polarized 
light, bright chromatic grains of silica. 

No. XIT, usually represented in the Marquette iron district by a 
banded jasper, which forms the “fuot wall” of the iron ore, we did not 
find outcropping west of the Penokee Gap, but since we were on the 
range, I have been shown by exploring parties several samples of Jas- 
per, and specular and magnetic ore (probably No. ALID), which they 
found east of the Gap. 

One sample of a fine steely specular ore afforded me on partial 
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No. XIV. I have also scen specimens of gray quartzite from east 
of the Gap, which were very similar to that forming the hanging wall 
of the Marquette iron ore mines, and for this reason we will for the 
present refer it to No. XIV. The next member in the regular order, 
No. XV, a micaceous argillite, or slate, is found outcropping in sections 
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9,10 and 11, town 44, range 3 W. The outcrops were small, and 
formed, at most, only low, narrow ridges, which is no doubt due to the 
perishable nature of the rock. In many respects it resembles the 
argillites, described under Nos. VII and IX. 

The rock is dark brownish-black, has a dull, slaty texture, is strongly 
jointed, cleaves into imperfect slates, the thicker ones having a con- 
choidal fracture. Examined on a fresh fracture, the surface appears 
thickly sprinkled with very minute, shiny scales. 

Under the microscope, the base of tlie thin section is densely strewn 
with small brownish scales of biotite; and, besides, there is a very 
finely but unevenly distributed substance resembling carbon. The thin 
section, without the aid of the microscope, presents an odlitic structure, 
due to small oval-shaped particles of a lighter color than the ground- 
mass, which average about 1-32 of an inch in size. 

Under the microscope, again, they appear to be altered crystals, be- 
longing to the orthorhombic systems; possibly they are those of andal- 
usite. The leaves of mica are scattered as evenly in these crystals as 
within the ground-mass. 

Nos. XVI to XIX. Within these numbers are embraced a large 
group of micaceous quartz schists, micaceous slates and schists, and 
chiastolite schist. 

These, with No. XV, no doubt could consistently be comprised 
under one head, but in order to reach No. XIX, which corresponds 
very nearly with the chiastolite schist of the Michigan series, we will, 
for the present, retain the numbers without attempting to classify the 
different schists. 

The most important member of these is the micaccous quartz schist. 
It has an immense development immediately west of the Gap. It is 
of a dark iron-gray color, and has a very even, fine grained texture. It 
weathers to a light drab. Under the lens, the dark colored mica is 
plainly visible. Some of the exposed surfaces are minutely pitted, 
owing, apparently, to the partial decomposition and washing out of the 
nica. In hand specimens, the structure appears massive, but, by 
uncovering the ledge, the fresh surface frequently shows a slightly 
banded structure. 

Under the microscope, the section appears to be composed chiefly of 
quartz and biotite, with a little feldspar. As accessories, may be rec- 
ognized magnetite, and a few scattered colorless leaves of muscovite. 
The chiastolite schist forms a high ridge on the east Lank of Bad Water 
river, near the west line of the N. W. } of Sec. 11, T. 44, R.3 W. It 
has a dark brown to brownish-black color. A fresh fracture glistens 
with tiny scales of biotite. The chiastolite crystals are long and slen- 
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der, some of thei measuring an inch in length and an eighth of an 
inch in width. Their centers are traversed by a dark line, and the 
broken ends of the crystal present a square sectiun, the corners of which 
are nearly black. The crystals also possess more or less cleavage par- 
allel to their longer axis, and the fresh fracture has a semi-vitreous 
lustre. The crystals are usually tapered at cither end. 

This comprises all of the rocks which Iam satisfied belong to the 
Iron series, Overlying these, apparently non-conformably, are diorites, 
uralites, diabases, hypersthene, and granitoid rocks, The diabases are 
massive and fine to very coarse grained. In some of them the erystals 
of labradorite are two inches across; in fact, this mineral in nearly all 
of them is the principal one. A weathered surface of the rock is fre- 
quently rough and knotty, with projecting grains of titanic iron ore. 
The augite is best recognized under the microscope. The diorites are 
also massive. The coarser varieties are easily distinguished from the 
diabases by the cleavage planes of the hornblende. 

In See. 3, T. 44, R. 3 W., are several large ledges of granite and 
gneissoid granite. Their bedding planes are very much contorted; but 
the average strike is about southwest. The prevailing color of the 
granite (spec. 150) is pinkish, due to the orthoclase feldspar. The 
quartz occurs in dull glassy grains; and black scales of mica are thickly 
scattered in the matrix. It is usually coarse grained, and often por- 
phyritic, with erystals of feldspar. It is strongly jointed, showing 
little, if any, siens of bedding. 

Under the microscope, in a thin section, may be easily recognized 
the plain and striated crystals of feldspar, and also the quartz and bio- 
tite. The feldspar crystals are somewhat altered, and frequently enclose 
grains of quartz and, apparently, in a few instances, leaves of biotite. 
The grains of quartz are rich in fluid inclusions, and their tiny bubbles 
move about briskly within the cavities. One exceedingly interesting, 
and probably important fact, is, that some of these inclusions are filled 
with a strongly saturated solution of salt, out of which has formed a 
small crystal cube. These inclusions are easily distinguished from the 
others by the presence of the faintly outlined, colorless crystal of salt, 
and, besides, a dark bubble having a bright center; whereas, in the 
other inclusions, the bubble is much lighter, and has a relatively much 
larger bright space in the center. This, of course, is uwing to the fact 
that the difference of the respective refractive indices of the bubble and 
of the salt solution is greater than in those containing only bubbles 
and water. 

It seems to me that in those minute crystal cubes, measuring, as 
they do, scarcely 1-8000 of an inch across, we have an important dis- 


of i Fray 
Was O- 2 1 OV 
XK 


XX 


256 HURONIAN SERIES WEST OF PENOKEE GAP. 


tinguishing feature between the Laurentian granite and this upper 
member. 

The biotite includes, frequently, small grains of quartz; and, if we 
assume that the rock has crystallized “in situ,” we would have what 
appears to be the following order of the formation of the mineral con- 
stituents: first, the quartz; then, the mica; and lastly, the feldspar. 

Respecting the non-conformability of what are unquestionably lower 
Huronian rocks, and the ones just described, we have in the south half 
of Sec. 4, east of English lake, a large development of micaceous 
quartz schists very plainly bedded, with a remarkably regular strike of 
nearly east and west, while only a few hundred feet to the north are 
ledges of gneissoid rocks having a strike of N. 30° W. to N. 45° W.; 
also in the east half of Sec. 14, on the east shore of Bladder lake, we 
find the diabases in close proximity to the magnetic schists. Whether 
these latter rocks belong to the Copper series, thereby forming their 
base, or are an independent outflow, so to speak, I will not attempt to 
say, having seen too little of them to even warrant the expression of an 
opinion. 

It is certainly an exceedingly interesting problem, and I sincerely 
trust that whoever endeavors to solve it will consider well all the at- 
tainable facts relating to it, and give them that careful study to which 
they are certainly entitled. 


~j 
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CHAPTER III. 


SPECIAL EXAMINATION OF PENOKEE IRON RANGE 
WEST OF THE GAP. 


On the 22d day of August, 1876, Prof. Chamberlin and myself arrived 
at the Penokee Gap, and met there Prof. R. D. Irving and F. IL. Broth- 
erton, Esq., who were duing some geological work immediately about 
the Gap. The next day Professors Chamberlin and Irving returned to 
Ashland, en route for the Montreal river, while Mr. Brotherton and 
myself turned to our field of labor. My instruetions from Prof. Cham- 
berlin were to trace the iron-bearing rocks from near the Gap as far 
westerly or southerly — depending, of course, on where the range should 
lead us —as a limited time would permit, my work to commence where 
Prof. Irving had ended his. In compliance with these instructions, 
Mr. Brotherton and myself made our first camp in the N. E. qr. of See. 
15, T. 44, R. 3 W., about one hundred paces easterly from the so-called 
Penokee Iron mine. This location consists of a good frame house and 
amine shaft nearly full of water. Out of this shaft has been taken 
some two or three hundred tons of second class magnetic ore. Theore 
is really a magnetic schist; that is, a schist banded with layers of mag- 
netite and silicions material. Some of these bands, which are rarely 
two inches in thickness, are quite rich in iron oxide. It is jointed, and 
presents a very fine grained texture. It is strongly magnetic, and 
usually exhibits a decided polarity. The silicions laminz are mostly 
of a grayish color, or are often densely impregnated with actinolite and 
minute particles of magnetite. Scattered through this stock pile are 
some small pieces of iron ore, which contain considerable manganese. 
There are no exposures of rock immediately about the mine, but trav- 
eling northerly from the shaft a hundred paces, with the dip needle in 
hand, two or three covered belts of attraction can be made out. These 
probably correspond to formations VIII and IX. Sce geological sec- 
tion. As the formation is here covered up, it is impossible to say what 
lies between these belts, but it is, probably, an argillite, or a magnesian 
schist. 

We will now proceed, according to the plan already suggested, to 
present in detail the results of this season’s (1876) work on the range, 
giving the dates, the better to preserve the connection. 

Vou. TIl.—17 
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August 23. We commenced our examinations near the south quar- 
ter-post of Sec. 10, T. 44, R. 3 W., and found on the north edge of the 
ridge some outcrops of magnetic schist, dipping to the north. We 
proceeded from this point in a northwest direction. The ground for a 
distance of about four hundred paces! is gradually descending, and the 
timber is a fine quality of hard wood that will yield about fifty cords to 
the acre. Jor three hundred paces more, the ground becomes rolling, 
and the timber consists of hemlocks, birch and sugar maple, that will 
cut about the same amount, exclusive of the hemlock, but, probably, 
two-thirds of it is soft wood. 

We continue for seven hundred paces, and come into low land tim- 
bered with cedar, spruce and hemlock. After passing over this, we 
pursue our northwest course and ascend a low ridge, having nearly an 
east and west trend, on the south side of which is the west quarter of 
the section (10). 

About three hundred paces northwest from this quarter-post, are some 
low ledges of micac2ous quartz schist, the bedding planes of which are 
quite distinct, and, on the weathered surface, they present, often, a 
pitted appearance, probably occasioned by the dissolving or washing 
out of small bunches of mica, or of some other perishable mineral. 
The strike of the bedding varies from N. 75° W. to direct east and 
west, and the dip is 82° to the north (spec. 126). The rock is of 
a dark grayish drab color, fine grained, even, semi-crystalline texture, 
and weathers to alight drab, schistose structure, which is barely per- 
ceptible in a hand specimen. A freshly broken surface glistens 
with tiny scales of black mica and with minute facets of feldspar — 
also jointed, uneven fracture. A thin section of the rock, placed 
under the microscope, and examined in polarized light, appears com- 
posed, chiefly, of small angular grains of silica, brownish leaves of 
biotite, and a few partially altered crystal fragments of orthoclase 
feldspar. As accessories may be recognized a small quantity of mag- 
netite, and also some colorless scales of muscovite. We proceed on the 
same course and cross over the ridge and descend its northerly slope, 
reaching a point eight hundred and fifty paces northwest from the east 
guarter-post of See. 9, where is another low ledge of micaceous quartz 
schist (spec. 127), very similar to No. 126, just described. The bedding 
planes are distinct and have a strike of N. 75° W., and a dip of 82° to 
the north. No more outcrops were found until we came to the north 
quarter-post of the section. The timber along the line, so far as conld 
be seen, consists of sugar maple, birch, hemlock and ironwood, and will 
yield fifty cords to the acre — three-fourths hard wood. Just before 
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reaching the north line of the section the ground gradually ascends, and 
soon forms a low ridge about fifty feet hizh, on the sonth side of which 
are some Icdges of micaceous quartz schist (spec. 128), similar to No. 
126. The bedding is easily made out, the strike being N. 80° W., 
and the dip S0* to the north. Thence west along the north line of See. 
9, we soon leave the ridye and pass over some low, wet ground, timbered 
with spruce and birch. About six hundred paces from the quarter- 
post on this line is Envlish lake. A fine view of this lake can be had 
from its east side. The south shore is low and skirted by evergreens, 
comprising balsam, hemlock, eedar, spruce, and scattered among them 
are beautiful slender white birehes. On the west and northwest shore, 
over a mile away, the land becomes higher, and is covered with hard- 
wood timber; but as we follow around the lake and reach the north 
sida, the timber is more mixed, being about half soft wood; and here 
is also found a low ledge of greenstone. From the lake we took a south 
and southwesterly direction, reaching the west quarter-post of See. 9, 
which is situated on a rise of ground surrounded by low lands, covered 
mostly with hemlock, birch and spruce. Going from this point to the 
southeast, the country is low, and for a distance of three hundred paces 
is timbered with hemlock and birch — yield about forty cords to the 
acre, one-fourth hard wood. From here, for about one thousand steps 
(one-half mile), the ground is more rolling and is covered with sugar 
maple, birch and hemlock — yield fifty cords of wood to the acre, one- 
half hard wood. We continue up the, at first, gentle ascent of the 
range, and soon reach the south quarter-post of See. 9. ere we hastily 
adjourned to camp, to await the result of a threatened thunder storm. 
In proceeding to our camp we followed a trail that leads from Penokee 
Gap to English lake. 

Along the lines which we traversed during the day, we took, at each 
fifty paces, magnetic observations, except the diagonal lines, on which 
these observations were made at every seventy steps, but we found no 
attractions worth noting after leaving the “range.” 

August 25, This morning we went out along the wagon road to the 
Gap. In the road, eighteen hundred paces north, and three hundred 
and fifty paces west from the S. E. corner of Sec. 15, we found a ledge 
of chloritic quartz schist. The strike is nearly east and west, and it 
dips to the north. The rock (spec. 140) has a dark grayish drab color 
tinged with green; it is fine grained, and somewhat arenaceous in tex- 
ture, of a slaty-schistose structure, cleaves readily into plates of unequal 
thickness, weathers to a light drab, and is very jointed. 

Under the microscope, ‘lie section of the rock appears to be composed 
of quariz grains and thin folia and scattered leaves of chlorite. As 


260 HURONIAN SERIES WEST OF PENOKEE GAP. 


accessories may be added magnetit2, and yellow membranes of limonite. 
From here we procecded to a low granite ridge, located about six hun- 
dred paces north, and one hundred west, from the S.E. corner of See. 
15. Thence, turning due north, we commenced taking magnetie obser- 
vations with the dipping needle and dial compass at every fifty paces. 
This ridge is about thirty feet in height, and, in traveling north, we 
passed across a wet piece of ground fifty paces in width; and then, by 
an easy ascent for four hundred paces, we reached the summit of the 
range. The first magnetic attraction which was found was at one 
hundred paces south of the summit, but the attractions increased rap- 
idly, with some variations, to the north line of the section. At this 
point a large trench has been dug, but it was partially filled up again 
with dirt, concealing whatever was found. From the numerous pieces 
lying abont, I should judge the bed-rock to be a magnetie schist. 

Leaving this point we descended much more rapidly on the north- 
ern side of the range, the slope being greater than on the southern 
sicle. 

The magnetic attraction gradually weakens, but at two hundred paces 
north of the section line it again revives for ashort distance. The varia- 
tions given by the solar compass were to the east and to the southeast. It 
will be noticed that the magnetic belt is about four hundred paces wide on 
this line. Continuing north, the attraction of the dipping compass be- 
came zero, while the variations of the solar compass gradually ceased. At 
three hundred paces from the north line of the section, and on the north 
side of the range, we came upon flat ground again, and, at three hun- 
dred and fifty paces to the north, is a low, narrow ridge, having nearly 
an east and west trend, on the north side of which is a low ledge of 
black slate. This is, no doubt, the same bed that appears in the rail- 
road ent some hundred paces northerly from the Penokee station. We 
continue our course and cross a small stream, the bed of which is 
thickly strewn with angular boulders of micaceous quartzite (No. 130) 
similar to No. 126, before described, and a black argillite, which is slaty 
to flagey and not as cleavable as atrue slate. Still some pieces of very 
fair slate can be obtained with a little care. 

On the edges may be often seen very thin seams and gashes of iron 
pyrites, and, besides these, there are scattered in the argillite small dark 
grains or crystals, which, under the microscope, are, apparently, erystal 
fragments of orthoclase, impregnated, possibly, with graphite. They 
often appear rounded, but the cleavage marks or lines of the crystal 
may be recognized, and the optical bisectrix obviously makes quite an 
angle with these lines. The base of the rock is semi-crystalline, and 
has a decided laminated structure. We follow up the stream in a west- 
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erly direction for one hundred and fifty paces, and tind the ledges from 
which these boulders came. The ledges are located eight hundred and 
fifty paces north, and two hundred west, from the S. E. cor. of See. 10. 
At this point the ledge crosses the stream, causing it to form a series 
of small cascades. To the north is quite an abrupt ridge. The strike 
of the ledve is S. 75° W., and the dip is 30° northerly. It was taken, 
however, ona ledge outcropping on the side of this ridge, and as it 
dips into the hill it is possible that the rocks have been crowded over. 
The strike, however, is reliable, as it was taken on the low worn surface 
of the ledge in the bottom of the creck. 

Returning to where we had left our line of operations, we proceeded 
north again over a rolling surface for three hundred steps, when the 
ground begins to ascend very gradually, and at fifteen hundred paces 
from the south side of See. 10, we attain the summit of a high ridge, 
Which has a trend of a little south of west. To the west onlv a few 
paces, by following the ridge, we clambered up a ledge some thirty feet 
high, which proved to be a round bald knob of rock, commanding a fine 
view of country. To the north can be seen parallel ranges of hills 
of somewhat less height than the Penokee. The first of these, as will 
be directly seen, is made up of granite and greenstone rocks. The 
country to the east, fur a distance of eight miles, is easily made out. 
The seared course of a windfall is plainly visible. Last year we saw 
this windfall, in passing duwn the Chippewa river, as far south as in 
Sec. 23, T. 40, R. 5. In the southeasterly direction, the eye wandere 
over a steep rolling country. Dad river cannot be scen, but still we can 
trace it, in its serpentine windings, by the valley it has furmed, which 
shows it to flow in all possible directions, at times running parallel with 
the ridge, and then suddenly turning at right angles and breaking 
through at some weak point, it doubles upon its former course, flowing 
along the base of another ridge, as if seeking some vulnerable place to 
cut its way beyond; and so it flows onward, repeating again and again 
the same operation. To the west our view is obstructed by the timber 
which covers the ridge. The bald knob upon which we are standing 
is about one hundred feet in height above the general level of the 
country below us. On the northeast and southeast it is limited by 
nearly verticai walls of rock; but owing to the large accumulation of 
debris, the slope at the base is probably not more than 45°. The bed- 
ding of the rock on the top of the knob is somewhat contorted and in- 
distinct. On the south side, the ledge has a strike of N. 85° W., and 
a dip, apparently, to the south; while on the north side, the strike is 
about the same but the dip is somewhat variable, averaging 50° to the 
north. The rock (spec. 133) on the south side is a micaceous schist, 
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of a light brownish color, sprinkled with gray. When examined closely 
with the lens, it appears arenaceous; and brownish scales of mica may 
be easily recognized. The dark color is, undoubtedly, due to finely dis- 
seminated carbon, for in a thin section placed under the microscope may 
be seen minute particles of this mineral; in other respects, the rock re- 
sembles No. 126. On the north side the rock (spec. 132) is a inicaceous 
feldspathic schist, of a dark grayish drab color, and of an even, fine- 
grained texture, and somewhat jointed. To the unaided eye, it resembles, 
strongly, the micaceous schist; but with the lens, the difference is 
plainly visible. Under the microscope, a section of the rock appears to 
be composed, chiefly, of slender crystals of orthoclase, and dark brown 
leaves of biotite. Occasional grains of magnetite are also found. 
Thence on our northern course, we cross a stream about two hundred 
paces from the summit of the ridge; and at three hundred paces more, 
we come to the north line of the section (10), and go east one hundred 
paces to the N. E. corner of Sec. 10. A little further, perhaps sixty 
steps, is a small stream running southerly. 

To the north, along the stream for some distance in Sec. 2, are 
almost continuous ledges of micaceous quartz schist. The bedding 
planes are quite plain and tolerably regular; their strike varying less 
than five degrees from N. 82° W., and the dip 45° to the north. The 
rock (spec. 134) is a light grayish drab, of a fine grained, even, arena- 
ceous texture. It is faintly banded, has a schistose structure, and is 
sometimes flaggy. On the cleavage planes may be easily seen bright 
scales of mica. It weathers to a light drab. 

Under the microscope, a thin section examined in polarized light, 
presents a very pretty chromatic field, composed of angular grains of 
quartz, crystal fragments of plain and striated feldspar, and leaves of 
brownish biotite; also a little muscovite. 

Following up the stream over the ledges of rock, we find their north- 
ern limit to be about 250 paces north from the southeast corner of Sec. 
8, T. 44, R.38 W. At this point, the stream crosses the east line of 
Sec. 3; and at a distance of 500 paces, and for the following 200 paces, 
the line runs along the banks of the creek. At 600 paces from the 
S. W. cor. of See. 3, however, are the first of some ledges of reddish 
granite and gneissoid rocks, intersected by veins of hypersthene rock. 
These ledges are very similar to those found three and one-half miles 
northeast from this point, along the line of the railroad near Willis’ 
camp. They are very much contorted, and some of the gneissoid rocks 
resemble the micaceous quartz schist which we had just passed over; 
but, unlike them, these beds are very much contorted. At one point 
the strike was S. 70° W., and the dip 50° to the south; a second obser- 


SPECIAL EXAMINATION. 263 


vation taken at another point a short distance from this, showed the 
strike to be nearly east and west, and the dip vertical. 

To the north and northeast from this place, for several hundred 
paces, the ground is ascending to the summit of the ridge which 
we observed from the top of the “bald knob.” Occasionally a low 
ledge of granite may be seen outcropping on the side of the hill, 
thus indicating the character of the underlying rocks. From the first 
granite ledges, above noted, we go southeast about four hundred paces 
and examine some ledyes of gneissvid rocks. Their bedding lanes are 
very irregular, The following are the average of several observations: 
Strike S. 45° W., S. 65° W., and dip 70° to north, to vertical. As this 
is upon the ground to be examined by Prof. Irving, I will leave it, and 
return to that part of the range allotted to myself. Starting from the 
S. E. corner of See. 3, T. 44, t. 3 W., we proceeded westward, following 
the south line of the section, and soon began to climb, diagonally, a 
steep ridge having a trend of west by south. Ata distance of about 
500 paces from the starting point, we reach the summit, which is per- 
haps 150 feet high. Were we find a dark grayish drab micaceous 
quartz schist. We took the strike with our solar compass, but, ascer- 
taining afterward that a mistake had been made in the time, we rejected 
the result. The timber consists of birch, hemlock and other fir trees, 
and will eut about 45 cords to the acre. 

Continuing on the ridge, we came to the north quarter-post of Sec. 
10, from which point we started southward, and descended for 400 
paces, Which brought us again upon low land, and, at 150 paces fur- 
ther, we crossed a small stream, upon the opposite side of which we met 
with a low ridge; and thence across a short stretch of low, wet ground, 
we came to another low ridge; and, at 1,350 paces, we crossed a second 
small stream, and soon began the ascent of the range, which rises very 
gradually. On attaining the summit of the range we proceeded to 
eamp. During the day, at each 50 or 100 paces, we made magnetic 
observations with the dipping needle and solar-dial compass, but found 
no attractions after leaving the Penokee range. 

August 26. Wespent the day in examining the rocks and ledges of 
the “Gap,” and along the line of the railroad, and, also, some ledges 
on Bad river, in the N. W. $ of See. 11. Although I had examined 
th--e rocks the year previous, I nevertheless wished to revisit them 
before proceeding further west with our work; but as I have described 
them in my preliminary report of last year, and also as the same ground 
will be covered by Prof. Irving in his report, I will only mention one 
member of the ledge already referred to in the N. W. } of See. 11. 
The rock in question is a chiastolite schist, or, in other words, appears 
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to be a partially decomposed argillaceous mica schist, with crystals of 
chiastolite strewn irregularly through it (for a full description, see chi- 
astolite schist in preceding chapter, page 254). 

August 27, Starting this morning from our camp, we traveled due 
west along the range for about one-third of a mile, when it bends 
slightly to the south for a distance of nearly a hundred paces, and then 
assumes a west-northwest course for two hundred paces further. At 
this point, three-quarters of a mile from the S. E. corner of Sec. 10, 
the range begins ‘to descend, and, at two hundred paces more, a small 
stream is crossed, which has cut its way through the range. Aseend- 
ing the steep bank on the west side, and following along the section 
line on the ridge, we come to the S. E. corner of Sec. 9, T. 44, R. 3 W. 
South from this corner some fifty paces is a ledge of magnetic schist. 
beyond which, a short distance, is another similar ledge; and, at one 
hundred paces south, is an outcrop of slaty quartz schist having a strike 
of S. 85° W., and a dip of 40° to the north. From here the ground de- 
scends gently to the south for a distance of two hundred paces, to low 
swampy land. From the section corner we proceeded north on the 
east line of Sec. 9, and observed outcrops at points fifty, one hundred, 
and one hundred and fifty paces, respectively, from the corner. These 
outcrops consist of magnetic schist; and, for a distance of two hundred 
paces beyond, we found the magnetic attractions to be quite strong; 
but they gradually ceased as we continued north. The timber is 
chiefly sugar maple, birch, hemlock, ete., and will eut forty-five cords 
of wood to the acre —two-thirds hard wood. As soon as the range is 
fairly passed, or at about four hundred paces from the above corner, 
the country becomes flat, and more or less swampy, and the timber 
consists of cedar, spruce and hemlock. Just before arriving at the east 
quarter-post of Sec. 9, we cross a couple of small streams less than one 
hundred paces apart, and running to the eastward. After passing the 
quarter-post the ground gradually rises, and, in two hundred paces 
more, we mount the crest of the ridge, some eighty feet above the level 
of the country just passed over. The ridge has a general direction of 
east and west, and is probably a part of the high abrupt one already 
noted on the east line of Sec. 10, one mile east, and three hundred 
paces north from here. On the south side of this ridge is a low ledge 
of micaceous quartz schist. It is plainly bedded, faintly banded, and 
has a strike of S. 85° W., and a dip of 65° to the north. The northern 
limit of the ridgo is reached at fuur hundred paces from the quarter- 
post. The land is slightly undulating, and is covered with hemlock, 
birch, and fir, which would yield fifty cords of wood to the acre — one- 
fourth hard wood. | 
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When within two hundred and fifty paces of the N. E. corner of See, 
%, we crossed a small stream running eastward. Proceeding north- 
ward from the corner, the land becomes higher and is covered with 
sugar maple, birch and fir, and will yield fifty cords of wool per acre, 
one-third hard wood. 

Turning westward, and proceeding for five hundred paces, We cross 
the east line of See. 4, T. 44, I. 3 W., and continuing on this course, 
We find on the southeast side of the above ridge, an outcrop of mas- 
sive diorite, which is 530 paces north and 540 west from the corner 
above mentioned. It affurds no signs of bedding, and, to the unaided 
eye, it appears very similar to some of the fine grained diabases of 
the Menominee region, south of Quinnesee Falls. The rock (spec, 
151) has a dark-green color, and a fine-grained, crystalline texture, is 
very tough, not easily fractured, and only slightly jointed. 

Cnder the microscope, it is seen to consist of slender, striated erys- 
tals of feldspar, and amphibole. The latter occurs in bushy frag- 
ments; still, it is easily made ont by the position of its optical 
bisectrix with reference to the axis of the fibers composing the erys- 
tal fragments. A few opaque grains and long, narrow fragments 
resembling magnetite and titanic iron ore (menaceanite), are contained. 
On the north side of this ridge, but not more than twenty paces from 
the diorite ledge, is an outcrop of a coarse grained diabase; and a lit- 
tle further west, in Sec. 4,500 paces north, and 950 west, are some 
other ledges of diabase (spec. 152). The rocks are of a medium 
to coarse grained texture and of a dark-greenish gray color. The 
facets of labradorite are plainly visible and constitute at least nine- 
tenths of the rock. Scarcely any augite can be seen, but scattered 
through the mass are some black grains of menacconite, which have 
a bright metallic lustre. They are only slightly magnetic, but give 
the titanic reaction with phosporus salt and tin. On a weathered 
surface these grains furm knotty projections. There is also contained 
a little biotite. 

Under the microscope, the beautiful striated erystals of labradorite 
cannot be mistaken. The other minerals above mentioned are easily 
recognized, as is also a little cliorite. This rock bears a strong re- 
semblance to the greenstone found associated with granite at Willis’ 
camp on the line of the railroad, and possibly may be considered as 
hypersthene rock. Going now south, the next ledge of rock found 
outcropping is on the west end of a ridge, 325 paces north and 1,025 
west from the S. E. corner Sec. 4, T. 44, R.3 W. A fine exposure is 
here seen, owing to the overturning of a tree, which has uncovered a 
good space of the ledge. It is a gnessoid rock, or, perhaps, a mica- 
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ceous quartz schist. The bedding planes are very much contorted. 
The average strike appears to be N. 35° W., and the dip vertical. 
The rock (spec. 153) has a dark steel gray color and is fine grained; 
disseminated through it are small bronzy colored scales of biotite. 

Under the microscope, the section rescmbles a micaceous quartz 
schist. Considerable orthoclase and oligoclase feldspar are contained, 
though quartz constitutes at least two-thirds of the rock. Next in 
abundance is the biotite; and numerous opaque grains of either mag- 
netite or menacconite are present. One fact should be observed here, 
and that is the similarity of this ledge to the gneissoid rock already 
noted, located 700 paces north and 50 west, in Sec. 3, especially as 
regards their relative position to the micaceous quartz schist to the 
south. I endeavored to detect under the microscope the presence of 
some salt solution inclusions, hoping thereby to aid in establishing a 
nearer relationship between this and the upper granite, but failed to 
discover any. Continuing the same course and passing over a ridge, 
we came to the south quarter-post of the section, which locality has 
been described in the foregoing pages. We then proceeded south 
through the center of Sec. 4, and very soon came to a ridge; and, at 
300 paces, crossed a narrow swamp about 100 paces in width; and, at 
500 paces from the north line of the section, is the west end of a 
ridge, the same one we crossed five hundred paces to the east. For 
the succeeding five hundred paces, to the center of the section, the 
country is slightly rolling and is timbered with hemlock, birch, and 
sugar maple, sufficient to yield about fifty cords of wood per acre, 
one-half hard wood. The following five hundred paces is through a 
cedar swamp, on the south side of which is the trail to English lake; 
and, at three hundred paces beyond, begins the long slope of the Pe- 
nokee range. Here we find the first magnetic attractions which we 
have detected since leaving the range in the morning. The attraction 
increases rapidly as we move forward, and in one hundred paces more 
our compasses indicate a variation of 86° to the east, and a dip of 
50°. The south quarter-post is on the north side of the range, about 
one hundred and fifty paces from its summit. Following on the 
ridge, easterly, we returned to camp. An occasional ledge of mag- 
netic schist shows itself above the surface along the ridge. 

On the morning of the 28th we packed our effects and moved camp 
to the east line of Sec. 18, T. 44, RK. 3 W., five hundred paces in a 
southerly direction, from its northeast corner, but owing to the diffi- 
culty which we experienced in finding the section corner, it was quite 
late before we reached our new camping ground, and, also, the weather 
being cloudy, we were unable to make any observations with the solar 
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compass, Near our camp was a small stream which has its source in 
the range. 

alugust 29. We started this morning to the north, making mag- 
netic observations as heretufore. See diagram of See. §, T. 44, 1.3 W., 
plate XATIT. 

The country between our camp and the N. E. corner of See. 18 is 
rulling, and from the corner, north, we descend an easy slope fur two 
hundred paces or upwards. The timber is sugar maple, birch, hem- 
lock and other fir trees, sufficient to yield fifty cords to the acre, two- 
thirds hard woud. Succeeding this is low ground, which is more or less 
swampy and covered with hemlock, cedar, ete. We pass around the 
west side of English lake, and cross a small stream running into the lake. 
The land continues to be of the same character to the northwest side of 
the lake, when it becomes much higher and the timber is an excellent 
‘ quality of hard wood. Near where the section line intersects the 
lake, is an old clearing; and, at three hundred paces to the northeast, 
is another clearing with a good log cabin. The shores of thia lake 
were probably once a fine hunting ground, judging from the number 
of old dead falls and other devices for entrapping wild animals. A low 
ledge of massive diabase, the first we have seen this morning, occurs 
one hundred paces north, and fifty paces west, of the N. E. corner of 
Sec. 6. The rock is coarse grained and resembles that seen north of 
the south quurter-post of Sec. 4. 

Proceeding three hundred paces north from what would be the S. 
W. corner of Sec. 5, T. 44, R. 3, which corner is in the lake, we turned 
east and continued on this course to the outlet of English lake, pass- 
ing over several outcrops of diabase, some of which are large and form 
ridges of from fifty to one hundred feet in height. The rock is fine 
to coarse grained. Among the latter varieties, the labradorite erys- 
tals are frequently two inches across. It is probable that some of 
these are diorites and uralites. Near the mouth of the outlet on the 
west bank, three hundred paces north, and one thousand paces west, 
from Sec. 5, T. 44, R. 3 W., is a bluff of massive greenstone some 
sixty feet high; the rock is dark greenish black, and has a medium 
erystalline texture; the hornblende is deep greenish black and the 
cleavage facets are easily made out. 

Under the microscope, the rock (spec. 157) appears to be composed 
chiefly of dark green hornblende with a little oligoclase and augite. 

Following down this stream for five hundred paces, we pass over 
some ledges of greenstone, causing in the stream small falls or cascades. 
From here we skirted along the west bank and ridge, examining the 
massive outczops of greenstone which occur in the vicinity, and which 
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are chiefly diabase, though some of the finer grained ones may be di- 
orites and uralites. The timber is of good quality, consisting of sugar 
maple, birch, hemlock, elm, ironwood and fir, and will yield fifty-five 
cords of wood per acre — three-fourths hard wood. 

The creck crosses the north line of the section at a distance of five 
hundred and fifty paces from the northeast corner. There are bluffs 
of diabase here having an apparent strike of N. 20° W., and a dip of 
60° to the south. The bedding planes are very obscure and consequently 
cannot be made out with certainty. Going east on the section line 
some one hundred and fifty paces, we found a ledge of diabase, and at 
one hundred paces farther a small creek; beyond this, about fifty 
paces, occurs another ledge of diabase. 

Traveling now for two hundred paces along the north slope of a 
ridge, gradually ascending, we arrive at the N. I. corner of Sec. 5, T. 
44, R. 3 W., and turning thence to the south, we reach, in about one 
hundred paces, the summit of the ridge, which is about one hundred 
fect above the general level of the surrounding country; at the foot is 
a ledge of diorite traversed by granite veins having a northerly direc- 
tion. The diorite (spec. 160) is of a greenish black color, speckled 
with gray, and of an even, fine grained texture. It is massive and 
jointed, but it is difficult to distinguish any of the mineral ingredi- 
ents. Under the microscope, however, the section shows about an 
even mixture of hornblende and feldspar, the latter consisting of or- 
thoclase and of oligoclase, each in nearly the same proportion. 

Following the section line south along the ridge, we come to 4 
ledge of syenite sytuated at seventeen hundred and fifty paces to the 
north, and two thousand paces west of the S. E. cornerof Sec 4, T. 
44, Ji. 3 W., having a strike of north 45° west, and dipping at a high 
angle to the north. 

The rock (spec. 161) is of a reddish gray color mottled with black, 
and is of an even, medium-grained texture; many of the feldspar 
facets are a quarter of an inch in length, while the crystals of horn- 
blende are seldom as large. The orthoclase, quartz, oligoclase and 
hornblende, are easily made out under the microscope, and are con- 
tained in quantity nearly in the order mentioned, the orthoclase being 
most abundant and the hornblende least so. The orthoclase crystals 
are quite large and are much more altered than the smaller crystals 
_ of oligoclase. The quartz grains are large and angular, and seem to 
have crystallized im stu. Under a magnifying power of eight hun- 
dred diameters, there may be observed in the quartz grains numerous 
- fluid inclusions, which are of a saline character and contain a small 
crystal cube of salt, and frequently two dark bubbles are also seen. 
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The bubble has only a slow motion when compared to those of pure 
water or liquid carbonic acid. 

Proceeding again southward, we find another granite ledge, fifteen 
hundred paces north and nine hundred paces west from the 8. E. cor- 
ner of See. 4, T. 44, 12.3 W. This ledge is composed of granite on 
the east side and of greenstone on the west, the line of junction having 
a trend of N. 30° W. to N. 45° W., and dips to the southwest. From 
the strike, it would appear that this ledge and the one which is two 
hundred and fifty paces to the north, are of the same bed. Advancing 
tiwo hundred paces, we turn eastward to avoid a swamp, which, appar- 
ently, extends in asouthwesterly direction to the lake; and, continuing 
this course for one hundred paces, we find a ledge of diorite outerop- 
ping on the west side of a ridge. The rock (spec. 162) has a very 
dark green color, and a fine grained, crystalline texture; is massive 
and jointed, and weathers toa medium drab, The mineral ingredients 
cannot, even with the aid of a strong lens, be satisfactorily made out; 
but, under the microscope, this uncertainty disappears, since the 
essential minerals, oligoclase and amphibole, are then easily recog- 
nized. The former presents slender striated crystals, which are fre- 
quently enclosed by the amphibole; alittle magnetite is also contained. 
From this point we changed our course, and proceeded in a southerly 
direction, passing over a low, undulating surface, covered principally 
with birch and fir. At a point four hundred and sixty-five paces 
north and sixteen hundred paces west from the S. E. corner of See. 4, 
T. 44, R. 3 W., is an outcrop of diorite on the edge of a swamp. 
The ledge is massive, the rock having a dark green color mingled 
with gray. The facets of the hornblende are plainly visible, and in 
the grayish, fine grained base the smaller ones of feldspar may be 
recognized with the aid of a strong lens; while evenly distributed in 
the mass are bronze colored scales of mica. Following around the 
east end of the lake, we passed over some swampy ground to the west 
quarter. post of Sec. 9, T. 44, R. 3, and from thence to the S. W. cor- 
ner of the section. After leaving the above west quarter-post, the 
timber is mostly hemlock, birch and fir, and would yield forty-five 
cords of wood to the acre, one-fourth hard wood. Before reaching 
the corner, the magnetic attractions were again observable. (See 
accompanying diagram of Sec. 8.) Returning to camp, along the 
south side of Sec. 8, we crossed, at a point three hundred and fifty 
paces from the quarter-post, a small stream, having its source in the 
range, and at thirteen hundred and fifty paces we crossed another 


similar stream. 
Some idea may be formed of the character of the drift by examining 
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the beds of these streams. Their banks are often high, and very sel- 
dom has the water worn its way to the solid ledge. The beds of the 
streams are strewn with rounded boulders of granite, or coarse grained 
diabase, and I did not observe among them any rocks belonging to 
the lower Huronian. This latter fact, however, is precisely what we 
should expect, since the Iron-bearing series are simply altered sedi- 
mentary rocks, which were tilted up after they were formed, and sub- 
sequently the upper anticlinal folds were worn away, in part, no 
doubt, by glacial action. The glaciers passing over them from the 
north bore the abraded material to the southward, this, in turn, being 
replaced by the foreign drift from the north. 

August 30. Going south from our camp the ground rises very 
gradually, and we enter immediately upon fine hard-wood land. The 
inagnetic attractions near the camp give a decided variation to the 
east, and a negative dip; but the latter soon changes to a positive dip 
as we proceed south. It will be seen from the accompanying diagram 
of Sec. 18, Plate XXIV, that these attractions cover a wide belt of 
country. 

Following the east line of Sec. 18, we come to the southern edge of 
the range, where it is terminated by a steep ledge of magnetic schist, 
having a strike of 8. 60° W., and a dip to the north. This point com- 
mands the broadest view I ever chanced upon in the woods, extending 
to the south for twenty miles, and to the east for a still greater dis- 
tance. In this direction may be seen a high range running south- 
westerly, and the old windfall may be traced as far as the eye is able 
to distinguish it. This bluff, upon which we stand, is about two hun- 
dred and fifty feet above the gencral level of the country adjacent. 
With one more sweeping glance over the broad plain which we have 
been contemplating, we turn reluctantly to the westward, and, pro- 
ceeding for five hundred paces across a valley, we reach another ridge 
having a trend to the southwest, which we follow, reaching the south 
quarter-post of See. 18, which is on the sonth side of the range. We 
passed an occasional ledge of magnetic schist; and a short distance to 
the east is an outcrop of chloro-quartz schist (V1), similar to those 
further east. Following now the section line west, we soon pass the 
ridge and cross another valley, which is about two hundred paces 
wide, and which is succeeded by another ridge, and in two hundred 
paces further on we arrive at the S. W. corner of the section, situated 
on the north side of the range. There are several ledges on this line, 
but they can be best understood from the diagram of Sec. 18. 

From this corner, going north, we took magnetic observations at 
each fifty paces, which are shown on the accompanying diagram of 
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Sec. 18, T. 44, 2. 3 W.) The range drops off very gradually for some 
seven hundred paces, and the country becomes rolling. At thirteen 
hundred paces north from the corner, we pass over quite a ridge, 
covered with fine hemlock timber. This ridge is probably underlain 
by micaceous quartz schist, thongh we saw no outcropping of rocks. 
This ridge is succeeded by a cedar swamp, where a small stream 
crosses the line at sixteen hundred and fifty paces from the corner 
from which we set ont. The northwest corner is located on a ridge, 
which is set off from the line. Turning east, we proceed along the 
north line of Sec. 18, through land that is low, and often swampy. 
The high land is timbered with hemlock, birch and fir, and the swamp 
with cedar and birch. At two hundred paces east from the quarter- 
post is a small stream, running past our camp. Its banks are quite 
high, but no ledges could be seen. Proceeding three hundred paces 
further along the north bank of this stream, we then changed our 
course, and went southeast to camp, following along the bed or banks 
of the stream. 

August 31, Starting this morning from the N. E. corner of Sec. 18 
we went due northeast, to the center of the S. W. £ of Sec. 8, a dis- 
tance of seven hundred paces, and thence due southeast the same dis- 
tance, arriving at the south quarter-post of this section. The north 
half of See. S is swampy, but the southerly portion is rolling, the tim- 
ber consisting of hemluck, sugar maple, birch, ironwood, fir, and 
cedar; and yielding fifty cords to the acre —one-half hard wood. 
We continued in a southerly direction, and began immediately the 
easy ascent of the Penokee range; and, at eight hundred and fifty 
paces, the summit of the narrow ridge is reached, where, outeropping 
on the north side of the crest, is a ledge of magnetic schist, and fifty 
paces to the sonth is a heavily bedded quartzite. On the south side 
of the slope, about twenty paces from the top, is a ledge of chloro- 
quartz schist. These ledges have a strike of S. 68° W., and a dip of 
45° to the north. The range deseends rapidly to the south into low, 
wet ground. This isa characteristic topographical feature of the 
country in the Marquette iron region lying between the lower mag- 
netic schist and the granitic. Usually, in that district, this low belt 
of ground is underlaid by magnesian limestone (V) and mica schist, 
which, owing to their perishable nature, are seldom found outcrop- 
ping. The same, I think, is true here. We travel S. 68° W., and 
skirt along the southern edge of the range, and observe the chloro- 
quartz schist (VI) outcropping at several points. Just east of the 
center of Sec. 17 is a ledge of chloro-quartz schist (V), and overlying 
it is a gray quartzite (V?) which, because of its unchangeable appear- 
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ance, and from its occupying geologically the same position along the 
range, is easily recognized (spec. 164). It is of a light greenish gray 
color, speckled with a few minute bunches of chlorite, and possesses 
a semi-vitreous texture. Some portions of the bed are arenaceous, 
and present the appearance of a highly indurated sandstone. It is 
jointed and heavily bedded, though the bedding planes are not appar- 
ent, to the unaided eye in the hand specimens. 

Under the microscope, the section presents, in the polarized light, 
a very pretty field, composed chiefly of almost limpid, brightly col- 
ored, angular grains of quartz. The dark green bunches consist of 
chlorite, with a few fibres of actinolite, which may be readily distin- 
guished by the respective positions of their optical bisextrices to their 
erystal axes, or simpler still, by using only one nicol and testing 
their dichroism. . 

Turning northwest from the center of Sec. 17, we pass over the 
range. On the ridge is a windfall, and, three hundred paces from the 
centre, is a ledge of actinolo-magnetic schist, which is twelve hundred 
paces north, and twelve hundred west from the S. E. corner of Sec. 17, 
T. 44, R. 3 W., and which has a strike of S. 65° W., and a dip of 40° 
to the north. As this ledge appears to be quite characteristic of the 
magnetic schist already noted, we will examine it a little more closely. 
It (spec. 166) is dark bluish gray, aphanitic in texture, and has a 
banded, slaty structure, cleaving readily into small plates of variable 
thickness. The actinolite cannot be recognized in the hand specimen, 
even with the aid of a strong lens, but under the microscope, the base 
of the rock appears to consist entirely of minute fibres of actinolite 
and quartz, evenly distributed, but having no common direction. An 
occasional radiated bunch of anthophyllite may be seen, and in the 
reticulated mass are scattered the grains of magnetite. On the same 
course, we descend the range through fine hard wood country, which, 
just before reaching the centre of the N. EE. 4 of Sec. 17, suddenly 
changes to hemlock, birch, maple and fir, and will cut fifty cords per 
acre —one-fourth hard wood. This change in the quality of the timber 
is very noticeable all along the range. Crossing a small stream at about 
two hundred paces further on, we ascended a broad, low ridge. Reach- 
ing the N. W. corner of Sec. 17, we returned to camp, and thence 
went due southeast. The ground suddenly rises as we approach the 
range in this direction; and on the summit we find two. outcrops of 
magnetic schist, having a strike of S. 60° W., and a dip of 40° to the 
north. On the south slope of the range is a ledge of chloro-quartz 
schist, Which is eight hundred feet north, and thirteen hundred feet 
west from the S. E. corner of Sec. 17, T. 44, R. 3 W. 
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Proceeding now southwesterly to the center of the southwest quar- 
ter of the section, we turn northwest and descend the range on its 
northern slope to the west quarter-post of the section. Ilere isa 
windfall about one hundred paces wide, having an easterly and west- 
erly direction. We continue the same course, and descend a gradual 
slope fur three or four hundred paces, when the land becomes rolling, 
but, at ten hundred paces from the quarter-post, it drops off into low 
ground. This slope has a trend of east-northeast. From the north 
quarter-post of See. 18, we went south, and, at five hundred paces, 
ascended the opposite slope. Just south of the center begins the 
north slope of the Penokee range, though its summit is not reached 
until passing one hundred and fifty paces further, beyond the south 
quarter-post of the section. At this point is an outcrop of magnetic 
schist. 

Iullowing the south line of the section for three hundred paces 
east, we come to a low ledge of chloro-quartz schist (VI), and travel- 
ing along the south side of the range for two hundred paces more, we 
turned north and passed over the crest of the range, at a distance of 
six hundred paces. Near here are several ledges of magnetic schist, 
which dip 25° to the northwest. Continuing north down the gentle 
slope of the range, we came to the center of the N. E. $ of See. 18, 
and then turned east; and, at three hundred paces, crossed the small 
stream that flows past our camp. 

September 3. We started this morning with our camp equipage and 
proceeded to the east quarter-post of Sec. 18, and thence ina south- 
westerly direction about two hundred paces, we reached some low 
ledges of magnetic schist, having a strike of S. 50° W., and a dip of 
40° to the north. Continuing on the range, and following the south 
line of See. 18 for a distance of eighty rods from the quarter-post, we 
laid down our packs and went north. It will be seen by examining 
the diagram that the variation is to the west, and that the dip is nega- 
tive until reaching a point three hundred paces north of the south 
line of the section, when the variation changes to the east and the dip 
becomes strongly positive, showing that the line passes over a strongly 
magnetic belt. At six hundred paces north, the variation was wholly 
west, owing to the influence of a high ledge of magnetie schist, which 
has an extent of nearly a quarter of a mile. (Sce plate XXIV.) This 
ledge terminates very abruptly on its east and southeast side, and is 
from ten to thirty feet high. Its strike is about as appears on plate 
AXIV, and the dip of its bedding planes, on the southwest portion 
of the ledge, is 45° to the northwest; but it gradually becomes less, 
and is only 20° at the northeast end of the ledge. This flattening out 
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in the dip of the strata, necessarily makes the formation appear much 
broader on the surface, and the range being very regular on its south- 
ern edge, causes the overlying strata to make a sharp bend to the 
north, as is represented on plate XXIV. 

Descending the north slope of the range, which is quite sharp, we 
proceeded north, and found that the magnetic attractions continued 
until we had passed the center line of the section, when they nearly 
ceased. 

At fourteen hundred paces north from the south line of the section, 
is the low ridge already noted further east, and, continuing, we soon 
reached a cedar swamp, which extends beyond the north line of the 
section. Returning now to the range, we went westward again along 
the south line of See. 18 to the southwest corner of the section, and, 
continuing this westerly course, we proceeded along the south line of 
Sec. 13, T. 44, R. 4 W., on the north slope of the range, which turns 
a little to the northwest; and, at three hundred paces from the corner, 
the section line crosses the ridge, but at this point the range suddenly 
terminates, and we descend, in the next two hundred paces, a hundred 
feet. (See plate XXV.) At four hundred paces further is a low ridge, 
formed of magnetic schist. Passing this, and also another similar 
one at one hundred paces still beyond, we cross a narrow valley and 
begin the ascent of the opposite side, and at one hundred and fifty 
paces west of the quarter-post we descend, diagonally, a steep side 
hill, having a northwesterly trend, which is about one hundred and 
forty feet above the general level of the country. At five hundred 
paces west from the quarter-post, we camped on the edge of a cedar 
and tamarac swamp. On plate XXV_ is noted an outcrop of 
magnetic schist, located two hundred paces west from the S. E. cor. 
of Sec. 13, having a strikeof N. 80° W., and a dip of 65° northerly. 
Four hundred and fifty paces west from the above corner is another 
ledge of magnetic schist, with a strike of N. 65° W., and a dip of 835° 
northerly; but only fifty paces further west from this point the strike 
is N. 30° E., and the dip 20° northwesterly. Five hundred and fifty 
and six hundred paces, respectively, are other ledges of magnetic 
schist having a similar strike and dip, but at seven hundred and fifty 
paces the strike on an extensive ledge of magnetic schist is N. 20° E., 
and the dip is 20° northwesterly. At about tifty paces west from the 
south quarter-post of Sec. 13 is a large outcrop of magnetic schist 
having astrike of N. 20° W.,and a southerly dip of 45°. We should 
naturally expect this dip to be northeasterly. The singularity of the 
structure became understood, however, when we found in the N. E. 
qr. of Sec. 24, T. 44, R. 4 W. (see plate XXV), a continuous ledge of 
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magnetic schist having a strike of N. 47° W., and at its northwest 
extremity the dip was 55° southwesterly, and at seventy paces south- 
easterly therefrom the dip is 70°. At one hundred and ten steps the 
bedding planes become vertical; at fifty steps further the dip is 70° 
northeasterly, and at seventy steps more we have a dip of 60° north- 
easterly. The bedding planes are not contorted and the formation is 
very regular. It is plainly evident the rocks at the northwest end of 
this ledge are turned over, that is, the hanging wall has become the 
foot wall. Two hundred and fifty paces from this ledge are outcrops 
of magnetie schist, of which the strikes of the bedding planes are 
from N. 20° E., on the east side of this sharp horseshoe-like bend, to 
N. 55° W. on the west side, and the dip, as in the furmer case, 20° 
northerly, and in the latter SU° northeasterly. 

This bend, in the formation, can be nicely observed on these ledges, 
which are from ten to twenty feet high. South of these are some low 
outcrops with contorted bedding planes, and at thirteen hundred and 
fifty steps west of the 8. E. cor. of Sec. 23, is a loose ledge of angu- 
lar boulders of mixed magnetic iron ore, of a medium granular 
variety. The ledge from which these come cannot be far distant. 

At twelve hundred and fifty paces, and at one thousand paces west 
from See. 23, is a ledve of magnesian limestone (spec. 176). The ledge 
outcrops for a distance of nearly three hundred feet and has a trend 
southeast. Its northeast face is rough and knotty, with radiated 
bunches of a very pale-greenish mineral. The ledge is composed of 
two distinct varieties of dulomitic limestone, the one bluish-gray and 
having a very fine grain, and, coursing through it, narrow, pale, green- 
ish-white veins and bunches of tremolite. Onder the microscope, it 
presents an even granular structure, the granules being small, averag- 
ing about .08 of an inch across. No striated ones of calcite are 
visible, but an occasional slender blade of tremolite may be seen. 
The other variety of this bed is a tremolitic dolomite, and has a gray- 
ish-white color, with a shade of pea-green. Its structure is coarsely 
radiated from the large bunches of tremolite, some of which are two 
inches or more in size. Coursing the specimens are pale-greenish 
seams of tremolite. Under the microscope, the base appears to be 
composed of granules of dulomite and of small angular grains of 
quartz. The tremolite is easily recognized; an interesting feature of 
it is that part of it belongs to the amphibole variety, and about an 
equal share to the pyroxene group, as may be easily seen by the re- 
spective positions of the optical bisectrixes and crystal axis. 

Going south from the N. E. cor. of Sec. 23, we pass over the crest 
of the range at one hundred paces and then descend to a deep, narrow 
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ravine. At two hundred and fifty steps from the corner is a ledge of 
magnetic schist on the side of the hill having a strike of N. 75° W., 
and a dip of 35° northerly. At fifty paces further we cross a small 
streain and then ascend a broad ridge, and find at three hundred and 
fifty paces from the corner a ledge of magnetic schist which is fifty 
paces wide. This is succeeded by a massive ledge of quartzite (V), 
similar to spec. 161, and at five paces south from the corner are several 
low ledges of chloro-quartz schist (VI), which aggregate a thickness 
of 60 paces. Their strike averages N. 75° W., and they have a dip 
of 60° northeastly. The ground immediately to the south is low and 
timbered with hemlock, birch and other soft woods. 

September 4. Wewent north froma point five hundred paces west 
from the S. E. corner of Sec. 13 (see plate XXV), and, at two hundred 
and fifty paces distant, found ledges of magnetic schist; the ground 
descends to the north, and the formation makes a turn; the magnetic 
attraction continuing for six hundred paces further. At five hundred 
paces from the south line of the section is a small stream, and at nine 
hundred paces is another stream. <A short distance to the east is a 
log cabin, surrounded by a small clearing. The country is rolling, the 
timber mixed, and comprises sugar maple, birch, hemlock, cedar, 
spruce and balsam, sufficient to yield forty-five cords to the acre, two- 
thirds hard wood. Continuing our course, we came to a small lake, 
located in the N. E. qr. of Sec. 13, about one-fourth of a mile wide 
north and south, and one-third of a mile east and west. 

Turning west from the south side of this lake we enter a cedar 
swamp, and at fifteen hundred paces north and one thousand paces 
west from the S. E. corner of Sec. 13, we turn north again and pass 
out of the swamp three hundred paces from this point. At a short 
distance to the east is a ledge of diabase similar to those on the north 
side of English lake; and, at a few steps further, we cross a small stream. 
Along the north line of the section are large exposures of greenstone. 
After examining several of them, we proceeded to the east end of 
Bladder lake; and then went southwesterly to where the west line of 
Sec. 13 intersects the lake. : 

It will be noticed on plate XXV, that the magnetic attractions be- 
gin almost as soon as we leave the lake shore, and that they directly 
become very strong, causing the north end of the needle to point 
nearly due south. The source of this great deflection we found to be 
a ledge of magnetic rocks outcropping on the north edge of a broad 
ridge that is about fifty feet high. The magnetism of these rocks, as 
will be seen from plate X XV, is very decided. 

There are no exposures on the top of the ridge, but from the attrac- 
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tion, the belts appear to be altogether about three hundred steps wide. 
The rock (spec. 174) is a magnetic augite, of a brownish black color, 
medium grain, and semi-vitreous texture. At first glance it resembles 
a magnetic ore. It is massive and touch to break. Coursing through 
the bed are very vitreous veins of quartz. The streak power is gray, 
and the specific gravity is 3.90. 

Cnder the microscope, the section of the rock appears, in polarized 
light, to be an aggregation of more or less rounded, or partially formed 
erystals of augite and hornblende; also grains of magnetite. This sec- 
tion affords an excellent opportunity of comparing dichroism of the 
augite and the hornblende; the former showing it very slightly, while 
inthe latter it is very marked; and to contirm the value of these 
dichroitic differences we have only to note the position of the optical 
bisectrix ineach. The dichrvitice test (first suggested by Zirkel) is 
often very convenient in cases of this kind, in distinguishing quickly 
between these minerals, where the biotite is present. This locality is 
avery favorable one fur exploring. The timber in the immediate 
vicinity is of a fair quality of hard wood, and will yield about fifty 
cords to the acre, two-thirds hard wood. Continuing south on the 
west line of Sec. 15, the variation of the magnetic needle very quickly, 
though gradually, ceases. The section line south from the quarter- 
post is not blazed, neither is the southwest corner of the section marked, 
nor the south line of tle section, from the quarter-post to this point. 

Traveling north from the south quarter-post of the section, we grad- 
ually ascend for five hundred paces, when the country becomes roll- 
ing and the timber is about the same as it was eighty rods east from 
this line. At twelve hundred paces we enter the swamp already noted, 
and at one hundred paces further we turn to the west. 

The variation of the solar compass on this line is to the west, and 
increases as we continue south, showing that the magnetic belt is to 
the west. 

Returning to camp on a line eighty rods west of the quarter line, 
we cross over the range near the center of the southwest quarter of 
the section, and then proceed diagonally down the long slope of the 
side hill. 

September 6. We went with our camp equipment N.-N. W. to the 
west quarter-post of Sec. 13, and then proceeded due west six hundred 
paces to Bladder lake, and there prepared a raft. A variation of 25° 
to the east was observed, and along the northwest shore of the lake 
may be seen ledges of rock, which, at the time, we supposed were, 
possibly, those of the Iron-bearing series, but which subsequently 
proved to be diabase. Coasting along the southeast shore we encount- 
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the beds of these streams. Their banks are often high, and very sel- 
dom has the water worn its way to the solid ledge. The beds of the 
streams are strewn with rounded boulders of granite, or coarse grained 
diabase, and I did not observe among them any rocks belonging to 
the Jower IIuronian. This latter fact, however, is precisely what we 
should expect, since the Iron-bearing series are simply altered sedi- 
mentary rocks, which were tilted up after they were formed, aad sub- 
sequently the upper anticlinal fulds were worn away, in part, no 
doubt, by glacial action. The glaciers passing over them from the 
north bore the abraded material to the southward, this, in turn, being 
replaced by the foreign drift from the north. 

August 30. Going south from our camp the ground rises very 
gradually, and we enter immediately upon fine hard-wood land. The 
magnetic attractions near the camp give a decided variation to the 
east, and a negative dip; but the latter soon changes to a positive dip 
as we proceed south. It will be seen from the accompanying diagram 
of See. 18, Plate XXIV, that these attractions cover a wide belt of 
country. 

Following the east line of Sec. 18, we come to the southern edge of 
the range, where it is terminated by a steep ledge of magnetic schist, 
having a strike of S. 60° W., and a dip to the north. This point com- 
mands the broadest view [ ever chanced upon in the woods, extending 
to the south for twenty miles, and to the east for a still greater dis- 
tance. In this direction may be seen a high range running south- 
westerly, and the old windfall may be traced as far as the eye is able 
to distinguish it. This bluff, upon which we stand, is about two hun- 
dred and fifty feet above the general level of the country adjacent. 
With one more sweeping glance over the broad plain which we have 
been contemplating, we turn reluctantly to the westward, and, pro- 
ceeding for five hundred paces across a valley, we reach another ridge 
having a trend to the southwest, which we follow, reaching the south 
quarter-post of Sec. 18, which is on the south side of the range. We 
passed an occasional ledge of magnetic schist; and a short distance to 
the east is an outcrop of chloro-quartz schist (VI), similar to those 
further east. Following now the section line west, we soon pass the 
ridge and cross another valley, which is about two hundred paces 
wide, and which is succeeded by another ridge, and in two hundred 
paces further on we arrive at the S. W. corner of the section, situated 
on the north side of the range. There are several ledges on this line, 
but they can be best understood from the diagram of See. 18. 

From this corner, going north, we took magnetic observations at 
each fifty paces, which are shown on the accompanying diagram of 
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See. 18, T. 44, 2. 3 W.) The range drops off very gradually for some 
seven hundred paces, and the country becomes rolling. At thirteen 
hundred paces north from the corner, we pass over quite a ridge, 
covered with fine hemlock timber. This ridge is probably underlain 
by micaceons quartz schist, though we saw no outcropping of rocks. 
This ridge is succeeded by a cedar swamp, where a small stream 
crosses the line at sixteen hundred and fifty paces from the corner 
from which we set out. The northwest corner is located on a ridge, 
which is set off from the line. Turning east, we proceed along the 
north line of See. 18, through land that is low, and often swampy. 
The high land is timbered with hemlock, birch and fir, and the swamp 
with cedar and birch. At two hundred paces east from the quarter- 
post is a small stream, running past our camp. Its banks are quite 
high, but no ledges could be seen. Proceeding three hundred paces 
further along the north bank of this stream, we then changed our 
course, and went southeast to camp, following along the bed or banks 
of the stream. 

August 31. Starting this morning from the N. E. corner of See. 18 
we went due northeast, to the center of the S. W. $ of See. 8, a dis- 
tance of seven hundred paces, and thence due southeast the same dis- 
tance, arriving at the south quarter-post of this section. The north 
half of See. § is swampy, but the southerly portion is rolling, the tim- 
ber consisting of hemlock, sugar maple, birch, ironwood, fir, and 
cedar; and yielding fifty cords to the acre —one-half hard wood. 
We continued in a southerly direction, and began immediately the 
easy ascent of the Penokee range; and, at eight hundred and fifty 
paces, the summit of the narrow ridge is reached, where, outcropping 
on the north side of the crest, is a ledge of magnetic schist, and fifty 
paces to the south is a heavily bedded quartzite. On the south side 
of the slope, about twenty paces from the top, is a ledge of chloro- 
quartz schist. These ledges have a strike of S. 68° W., and a dip of 
45° to the north. The range descends rapidly to the south into low, 
wet ground. This isa characteristic topographical feature of the 
country in the Marquette iron region lying between the lower mag- 
netic schist and the granitic. Usually, in that district, this low belt 
of ground is underlaid by magnesian limestone (VY) and mica schist, 
which, owing to their perishable nature, are seldom found outcrop- 
ping. The same, I think, is true here. We travel S. 68° W., and 
skirt along the southern edge of the range, and observe thie chloro- 
quartz schist (VI) outcropping at several points. Just east of the 
center of Sec. 17 is a ledge of chloro-quartz schist (V), and overlying 
it is a gray quartzite (V?) which, because of its unchangeable appear- 
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ance, and from its oceupying geologically the same position along the 
range, is easily recognized (spec. 164). It is of a light greenish gray 
color, speckled with a few minute bunches of chlorite, and possesses 
a semi-vitreous texture. Some portions of the bed are arenaceous, 
and present the appearance of a highly indurated sandstone. It is 
jointed and heavily bedded, though the bedding planes are not appar- 
ent, to the unaided eye in the hand specimens. 

Under the microscope, the section presents, in the polarized light, 
a very pretty field, composed chiefly of almost limpid, brightly col- 
ored, angular grains of quartz. The dark green bunches consist of 
chlorite, with a few fibres of actinolite, which may be readily distin- 
guished by the respective positions of their optical bisextrices to their 
crystal axes, or simpler still, by using only one nicol and testing 
their dichroism. . 

Turning northwest from the center of Sec. 17, we pass over the 
range. On the ridge is a windfall, and, three hundred paces from the 
centre, is a ledge of actinolo-magnetic schist, which is twelve hundred 
paces north, and twelve hundred west from the S. E. corner of Sec. 17, 
T. 44, R. 3 W., and which has a strike of S. 65° W., and a dip of 40° 
to the north. As this ledge appears to be quite characteristic of the 
magnetic schist already noted, we will examine it a little more closely. 
It (spec. 166) is dark bluish gray, aphanitic in texture, and has a 
banded, slaty structure, cleaving readily into small plates of variable 
thickness. The actinolite cannot be recognized in the hand specimen, 
even with the aid of a strong lens, but under the microscope, the base 
of the rock appears to consist entirely of minute fibres of actinolite 
and quartz, evenly distributed, but having no common direction. An 
occasional radiated bunch of anthophyllite may be seen, and in the 
reticulated mass are scattered the grains of magnetite. On the same 
course, we descend the range through fine hard wood country, which, 
just before reaching the centre of the N. E. 4 of Sec. 17, suddenly 
changes to hemlock, birch, maple and fir, and will cut fifty cords per 
acre —one-fourth hard wood. This change in the quality of the timber 
is very noticeable all along the range. Crossing a sinall stream at about 
two hundred paces further on, we ascended a broad, low ridge. Reach- 
ing the N. W. corner of Sec. 17, we returned to camp, and thence 
went due southeast. The ground suddenly rises as we approach the 
range in this direction; and on the summit we find two. outcrops of 
magnetic schist, having a strike of S. 60° W., and a dip of 40° to the 
north. On the south slope of the range is a ledge of chloro-quartz 
schist, which is eight hundred feet north, and thirteen hundred feet 
west from the S. E. corner of Sec. 17, T. 44, R. 3 W. 
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Proceeding now southwesterly to the center of the southwest quar- 
ter of the section, we turn northwest and descend the range on its 
northern slope to the west quarter-post of the section. Ifere is a 
windfall about one hundred paces wide, having an easterly and west- 
erly direction. We continue the same course, and descend a gradual 
slope fur three or four hundred paces, when the land becomes rolling, 
but, at ten hundred paces from the quarter-post, it drops off into low 
ground, This slope has a trend of east-northeast. From the north 
quarter-post of See. 18, we went south, and, at five hundred paces, 
ascended the opposite slope. Just south of the center begins the 
north slope of the Penokee range, thongh its summit is not reached 
until passing one hundred and fifty paces further, beyond the south 
quarter-post of the section. At this point is an outcrop of magnetic 
schist. 

lullowing the south line of the section for three hundred paces 
east, we come to a luw ledge of chloro-quartz schist (VD), and travel- 
ing along the south side of the range for two hundred paces more, we 
turned north and passed over the crest of the range, at a distance of 
six hundred paces. Near here are several ledges of magnetic schist, 
which dip 25° to the northwest. Continuing north down the gentle 
slope of the range, we came to the center of the N. E. $ of Sec. 18, 
and then turned east; and, at three hundred paces, crossed the small 
stream that flows past our camp. 

September 3. We started this morning with our camp equipage and 
proceeded to the cast quarter-post of Sec. 18, and thence in a south- 
westerly direction about two hundred paces, we reached some low 
ledges of magnetic schist, having a strike of S. 50° W., and a dip of 
40° to the north. Continuing on the range, and following the south 
line of See. 18 for a distance of eighty rods from the quarter-post, we 
laid down our packs and went north. It will be seen by examining 
the diagram that the variation is to the west, and that the dip is nega- 
tive until reaching a point three hundred paces north of the south 
line of the section, when the variation changes to the east and the dip 
becomes strongly positive, showing that the line passes over a strongly 
magnetic belt. At six hundred paces north, the variation was wholly 
west, owing to the influence of ahigh ledge of magnetic schist, which 
has an extent of nearly a quarter of a mile. (Sce plate XXIV.) This 
ledge terminates very abruptly on its east and southeast side, and is 
from ten to thirty feet high. Its strike is about as appears on plate 
AXIV, and the dip of its bedding planes, on the southwest portion 
of the ledge, is 45° to the northwest; but it gradually becomes less, 
and is only 20° at the northeast end of the ledge. This flattening out 
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in the dip of the strata, necessarily makes the formation appear much 
broader on the surface, and the range being very regular on its south- 
ern edge, causes the overlying strata to make a sharp bend to the 
north, as is represented on plate XXIV. 

Descending the north slope of the range, which is quite sharp, we 
proceeded north, and found that the magnetic attractions continued 
until we had passed the center line of the section, when they nearly 
ceased. 

At fourteen hundred paces north from the south line of the section, 
is the low ridge already noted further east, and, continuing, we soon 
reached a cedar swamp, which extends beyond the north line of the 
section. Returning now to the range, we went westward again along 
the south line of Sec. 18 to the southwest corner of the section, and, 
continuing this westerly course, we proceeded along the south line of 
Sec. 13, T. 44, IR. 4 W., on the north slope of the range, which turns 
a little to the northwest; and, at three hundred paces from the corner, 
the section line crosses the ridge, but at this point the range suddenly 
terminates, and we descend, in the next two hundred paces, a hundred 
feet. (See plate XX V.) At four hundred paces further is a low ridge, 
formed of magnetic schist. Passing this, and also another similar 
one at one hundred paces still beyond, we cross a narrow valley and 
begin the ascent of the opposite side, and at one hundred and fifty 
paces west of the quarter-post we descend, diagonally, a steep side 
hill, having a northwesterly trend, which is about one hundred and 
forty feet above the general level of the country. At five hundred 
paces west from the quarter-post, we camped on the edge of a cedar 
and tamarac swamp. On plate XXV is noted an outcrop of 
magnetic schist, located two hundred paces west from the S. E. cor. 
of Sec. 13, having a strikeof N. 80° W., and a dip of 65° northerly. 
Four hundred and fifty paces west from the above corner is another 
ledge of magnetic schist, with a strike of N. 65° W., and a dip of 85° 
northerly; but only fifty paces further west from this point the strike 
is N. 30° E., and the dip 20° northwesterly. Five hundred and fifty 
and six hundred paces, respectively, are other ledges of magnetic 
schist having a similar strike and dip, but at seven hundred and fifty 
paces the strike on an extensive ledge of magnetic schist is N. 20° E,, 
and the dip is 20° northwesterly. At about tifty paces west from the 
south quarter-post of Sec. 13 is a large outcrop of magnetic schist 
having astrike of N. 20° W.,and a southerly dip of 45°. We should 
naturally expect this dip to be northeasterly. The singularity of the 
structure became understood, however, when we found in the N. FE. 
qr. of Sec. 24, T. 44, Rt. 4 W. (see plate XXV), a continuous ledge of 
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magnetic schist having a strike of N. 47° W., and at its northwest 
extremity the dip was 55° southwesterly, and at seventy paces south- 
easterly therefrom the dip is 7v°% At one hundred and ten steps the 
bedding planes becoine vertical; at fifty steps further the dip is 70° 
northeasterly, and at seventy steps more we have a dip of 6U° north- 
easterly. The bedding planes are not contorted and the formation is 
very regular. It is plainly evident the rocks at the northwest end of 
this ledge are turned over, that is, the hanging wall has become the 
foot wall. Two hundred and fifty paces from this ledge are outcrops 
of magnetic schist, of which the strikes of the bedding planes are 
from N. 20° E., on the east side of this sharp horseshoe-like bend, to 
N. 55° W. on the west side, and the dip, as in the former case, 20° 
northerly, and in the latter SU ° northeasterly. 

This bend, in the formation, can be nicely observed on these ledges, 
which are from ten to twenty feet high. South of these are some low 
outcrops with contorted bedding planes, and at thirteen hundred and 
fifty steps west of the S. I. cor. of Sec. 23, is a loose ledge of angu- 
lar boulders of mixed magnetie iron ore, of a medium granular 
variety. The ledge from which these come cannot be far distant. 

At twelve hundred and fifty paces, and at one thousand paces west 
from Sec. 23, is a ledyve of magnesian limestone (spec. 176). The ledge 
outcrops fur a distance of nearly three hundred feet and has a trend 
southeast. Its northeast face is rongh and knotty, with radiated 
bunches of a very pale-greenish mineral. The ledge is composed of 
two distinct varieties of dvlomitiec limestone, the one bluish-gray and 
having a very fine grain, and, coursing through it, narrow, pale, green- 
ish-white veins and bunches of tremolite. Onder the microscope, it 
presents an even granular structure, the granules being small, averag- 
ing about .08 of an inch across. No striated ones of calcite are 
visible, but an occasional slender blade of tremolite may be seen. 
The other variety of this bed isa tremolitic dolomite, and has a gray- 
ish-white color, with a shade of pea-green. Its structure is coarsely 
radiated from the large bunches of tremolite, some of which are two 
inches or more in size. Coursing the specimens are pale-greenish 
seams of tremolite. Under the microscope, the base appears to be 
composed of granules of dolomite and of small angular grains of 
quartz. The tremolite is easily recognized; an interesting feature of 
it is that part of it belongs to the amphibole variety, and about an 
equal share to the pyroxene group, as may be easily seen by the re- 
spective positions of the optical bisectrixes and erystal axis. 

Going south from the N. E. cor. of Sec. 23, we pass over the crest 
of the range at one hundred paces and then descend to a deep, narrow 
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ravine. At two hundred and fifty steps from the corner is a ledge of 
magnetic schist on the side of the hill having a strike of N. 75° W., 
and a dip of 35° northerly. At fifty paces further we cross a small 
streain and then ascend a broad ridge, and find at three hundred and 
fifty paces from the corner a ledge of magnetic schist which is fifty 
paces wide. This is succeeded by a massive ledge of quartzite (V), 
similar to spec. 161, and at five paces south from the corner are several 
low ledges of chloro-quartz schist (VI), which aggregate a thickness 
of 60 paces. Their strike averages N. 75° W., and they have a dip 
of 60° northeastly. The ground immediately to the south is low and 
timbered with hemlock, birch and other soft woods. 

September 4. Wewent north from a point five hundred paces west 
from the S. E. corner of Sec. 13 (see plate XXV), and, at two hundred 
and fifty paces distant, found ledges of magnetic schist; the ground 
descends to the north, and the formation makes a turn; the magnetic 
attraction continuing for six hundred paces further. At five hundred 
paces from the south line of the section is a small stream, and at nine 
hundred paces is another stream. A short distance to the east is a 
log cabin, surrounded by a small clearing. The country is rolling, the 
timber mixed, and comprises sugar maple, birch, hemlock, cedar, 
spruce and balsain, sufficient to yield forty-five cords to the acre, two- 
thirds hard wood. Continuing our course, we came to a small lake, 
located in the N. E. qr. of Sec. 13, about one-fourth of a mile wide 
north and south, and one-third of a mile east and west. 

Turning west from the south side of this lake we enter a cedar 
swamp, and at fifteen hundred paces north and one thousand paces 
west from the S. E. corner of Sec. 13, we turn north again and pass 
out of the swamp three hundred paces from this point. At a short 
distance to the east is a ledge of diabase similar to those on the north 
side of Englishlake; and, at a few steps further, we cross a small stream. 
Along the north line of the section are large exposures of greenstone. 
After examining several of them, we proceeded to the east end of 
Bladder lake; and then went southwesterly to where the west line of 
Sec. 13 intersects the lake. : 

It will be noticed on plate XXV, that the magnetic attractions be- 
gin almost as soon as we leave the lake shore, and that they directly 
become very strong, causing the north end of the needle to point 
nearly due south. The source of this great deflection we found to be 
a ledge of magnetic rocks outcropping on the north edge of a broad 
ridge that is about fifty feet high. The magnetism of these rocks, as 
will be seen from plate XXV, is very decided. 

There are no exposures on the top of the ridge, but from the attrac- 
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tion, the belts appear to be altogether about three hundred steps wide. 
The rock (spec. 174) is a magnetic augite, of a brownish black color, 
medium grain, and semi-vitreous texture. At first glance it resembles 
a magnetic ore. It ismassive and tonezh to break. Coursing through 
the bed are very vitreous veins of quartz. The streak power is gray, 
and the specific gravity is 3.90. 

Under the microscope, the section of the rock appears, in polarized 
light, to be an aggrevation of more or less rounded, or partially formed 
erystals of augite and hornblende; also grains of magnetite. This sec- 
tion affurds an excellent opportunity of comparing dichroism of the 
augite and the hornblende; the former showing it very slightly, while 
in the latter it is very marked; and to confirm the value of these 
dichroitie differences we have only to note the position of the optical 
bisectrix in each. The dichroitic test (first suggested by Zirkel) is 
often very convenient in cases of this kind, in distinguishing quickly 
between these minerals, where the biotite is present. This locality is 
avery favorable one for exploring. The timber in the immediate 
vicinity is of a fair quality of hard wood, and will yield about fifty 
cords to the acre, two-thirds hard wood. Continuing south on the 
west line of Sec. 13, the variation of the magnetic needle very quickly, 
though gradually, ceases. The section line south from the quarter- 
post is not blazed, neither is the southwest corner of the section marked, 
nor the south line of the section, from the quarter-post to this point. 

Traveling north from the south quarter-post of the section, we grad- 
ually ascend for five hundred paces, when the country becomes roll- 
ing and the timber is about the same as it was eighty rods east from 
this line. At twelve hundred paces we enter the swamp already noted, 
and at one hundred paces further we turn to the west. 

The variation of the solar compass on this line is to the west, and 
increases as we continue south, showing that the magnetic belt is to 
the west. 

Returning to camp on a line eighty rods west of the quarter line, 
we cross over tlie range near the center of the southwest quarter of 
the section, and then proceed diagonally down the long slope of the 
side hill. 

September 6. We went with our camp equipment N.-N. W. to the 
west quarter-post of Sec. 13, and then proceeded due west six hundred 
paces to Bladder lake, and there prepared a raft. A variation of 25° 
to the east was observed, and along the northwest shore of the lake 
may be seen ledges of rock, which, at the time, we supposed were, 
possibly, those of the Iron-bearing series, but which subsequently 
proved to be diabase. Coasting along the southeast shore we encount- 
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ered a variable dip, with the dipping needle, of 20° to 50° for a distance 
of eighty rods. These attractions, however, very soon became zero. 

We camped on the west shore near the center of the N. W. qr. of 
N. W. qr. of Sec. 14. It is evident that this lake was not meandered 
by the government surveyors, for the shores are very dissimilar in 
reality from what they appear on the U. S. plats. This proved to be 
an unfortunate camp, for we had a week of rainy weather, though that 
should be charged to the elements and not to the location. Bladder 
lake abounds in bass, and along the shores are well beaten bear trails. 
We paddled onr raft around on the north side of the lake, but found 
no magnetic attractions. The diabase ledges are of a coarse grained 
variety. We proceeded on the raft a mile or more up the inlet of the 
lake, but could not detect any variation with our magnetic needles. 
Starting from the west quarter-post of Sec. 14, and going south, we 
found no magnetic attraction, but to the west are several ledges of 
diabase. Five hundred paces to the south is a cedar swamp, which is 
three hundred paces wide and extends to the east for a quarter of a 
mile. A short distance north of the S. W. corner of Sec. 14 is a low 
ledge of diabase. 

September 12, This morning, as the sun once more deigned to 
shine upon us, we concluded to return tothe west quarter-post of Sec. 
13, where we left the magnetic belt, and endeavor to trace it from 
there. We found that it turns to the southwest, or that the green- 
stone covered it to a considerable depth. This latter supposition, 
however, appeared hardly consistent, as we could find no magnetic 
attraction along the north shore of the lake, or up the inlet. 

In going to the quarter-post, we traveled on the south side of the 
lake, making our observations, but found no attractions until reach- 
ing a point nearly west from the quarter-post. Going first two hun- 
dred and fifty paces west and fifty paces south, from the east quarter- 
post of Sec. 14, to a ledge of magnetic rock, similar to that north of 
the quarter-post, we turned southwest. At one hundred and forty 
paces, the dipping needle showed a strong dip of 60°. Just here isa 
small stream, which empties into Bladder lake. Seventy paces fur- 
ther the dip is 30°, and the variation 6° west. At one hundred and 
forty paces more, the dip is the same, but the variation is 20° east. 
At the succeeding station, the dip is the same, and the variation 10° 
east; but at the next station the dip is 20°, and the variation only 2 
east. Turning now south, the dip at one hundred paces becomes 
zero and the variation 6° west, showing that the magnetic belt is 
to the west. Going another one hundred paces south, the dip remains 
zero and the variation is very slightly to the east. Changing our 


SPECIAL EXAMINATION. 279 


course to southwest, we proceeded to the south quarter-post of Sec. 
14; the attraction remained the same. The timber on the S. W. qr. 
of Sec. 14 is mixed, consisting of hemlock, birch, cedar, spruce and 
balsain, and will yield about forty-five cords to the acre, one-half hard 
woud. There is also considerable white pine of good size and quality. 

Continuing our course ina southwest direction across the N. W. 
qr. of See. 23, to the west quarter-post of the section, and making ob- 
servations at every one hundred and forty paces, we found no attrac- 
tion until arriving at the west quarter-post, the variation there being 
@ west. The land is slightly rolling, and, at about ono hundred 
paces north of the quarter-post, there isa small stream running north. 
Continuing a southwest course through theS. E. qr. of See. 22, the mag- 
netic declination varies from 4° W. to 8° W., and along the center line of 
the southeast quarter of the section, there is a magynetie dip of 10°. 
The timber consists of hemlock, balsam, birch, ete., and will cut forty 
eords per acre, one-half hard wood, with some white pine of good 
quality. Turning west and going along near the south line of the 
section, we proceeded to the 8S. W. corner of See. 22. The solar com- 
pass gave a variation of from 7° to 12° west, and a positive dip was 
observed of 50% At fifty paces west of the corner, we crussed the in- 
let of Bladder lake, and at fifty paces further, we found a variation of 
16° west and a positive dip of 15°. The variation to the west gradually 
diminished to 2° on reaching the southwest quarter-post of Sec. 21. 
The dip, however, remains the same until near the quarter-post, when 
it decreases to10° The land is low and somewhat swampy, the timber 
consisting chiefly of cedar, tamarac, ete. The quarter-post is on the 
west bank of a small stream running southeast. Upon turning north 
the variation changes to 2° east, after going two hundred paces; but at 
three hundred paces from the quarter-post it becomes zero and the 
dip is only 5°. Proceeding five hundred paces north, we enter an 
open spruce swamp, which is about four hundred paces across. The 
magnetic attractions cease and do not again occur for at least one mile 
north from the center of Sec. 21. The ground to the north quarter- 
post of this section is slightly undulating, and the timber comprises 
hemlock, birch, maple, etc., sufficient to yield about forty cords per 
acre, one-half hard wood. 

Passing to the north, in Sec. 16, we cross a stream at a distance of 
five hundred paces, from the south quarter-post of this section, which 
flows to the southeast. The country is gently rolling and the timber 
is birch, sugar maple, hemlock and spruce, and will yield forty-five 
cords per acre, two-thirds hard wood. 

Going east from the center of Sec. 16, we crossed the section line 
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and proceeded to the east quarter of Sec. 15. There are no magnetic at- 
tractions along this line nor outcrops of rock. The land is rolling, 
and the timber a mixture of hard and soft woods. 

September 13, This morning we broke camp and proceeded south- 
westward to the south quarter-post of Sec. 15, finding no magnetic at- 
traction. The timber, as before stated, is mixed, about one-half soft 
wood, and will yield fifty cords per acre. Going thence west fora 
distance of two miles and a half, we pitched our tent on the north and 
sonth line of Sec. 17, at a distance of five hundred paces north from 
the southwest corner of the section. We found no attractions on the 
route traversed. The land is low and slightly undulating, and the 
timber is a mixture of the kinds previously mentioned. Along the 
south line of Sec. 15, it will cut forty cords per acre, one-third hard 
wood. In Sec. 16 the quality is somewhat better, but on the south 
line of Sec. 17, it will average only one-sixth hard wood. IJfaving 
found no attractions on this route, we concluded that the Iron Range 
must be to the south. Procceding, therefore, to the S. W. corner of 
Sec. 17, which is in atainarac swamp, we went S. 26° E. to the south 
quarter-post of Sec. 20. The tamarac swamp extends only a short 
distance, and four hundred paces from the above corner, we enter an 
extensive open spruce swamp. As the quarter-post is approached, the 
inagnetic attraction begins to exert a feeble influence on the needle, 
the dip becoming 5° positive and the variation 3” to the east. Chang- 
ing our course, we traveled east, finding the attraction increasing and 
becoming 4° west, and the dip 15° positive, at the S. E. corner of Sec. 
20. The swamp continues for four hundred paces east of the corner. 
The variation increases until at five hundred paces east of the corner 
it is 90° west, but the dip is only 5° For the next five hundred paces 
the country is rolling and the timber mixed. The westerly variation 
decreases somewhat, but the 5° positive dip remains constant. It is 
evident from the above, that there is a broad magnetic belt underly- 
ing this section, and its course is a little tothe south of west. Turn- 
ing now southwest from the south quarter-post of Sec. 21, we passed 
diagonally through the N. W. qr. of Sec. 28 to the east quarter-post of 
Sec. 29. The land isrolling, the timber consisting of good pine and 
other varieties. The magnetic attractions grow less and, at the quar- 
ter-post, disappear. Proceeding now due west through the center of 
Sec. 29, the magnetic attractions do not manifest themselves until 
within four hundred paces of the west quarter-post of the section, 
where the solar compass gives a variation of 4° west, and the dipping 
needle a positive dip of 8°. 

Changing our course to a northwest one, we enter again the open 
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spruce swamp. Ata point near the center of the N. W. } of See. 30, 
the variation is 9° east and the dip 5° positive. We leave the swamp 
at about one hundred paces northwest from where we entered, and 
find the country thence to the north quarter-post, and along the line 
to the northwest corner of this section, to be rolling, and the timber 
eapable of yielding about forty cords to the acre, one-fourth hard wood. 
The magnetic variation is small, and to the east, until within four 
hundred paces of the corner, when it beeumes westerly. At one hun- 
dred paces north from this corner, and on the town line, is a ledge of 
syvenitic granite. This is an important outcrop, as it verifies the cor- 
rectness of our magnetic work, and shows how indispensable are the 
sular compass and dipping needle in tracing faint lines of attraction, 
indicating the trend of the formation, covered deeply by drift. They 
are to the geologist, in instances of this kind, what the mariner’s 
compass 18 to the sailor. The granitic ledge is very much decom- 
posed; s0 much so, that it was impossible to procure an unaltered 
specimen. Still the quartz and feldspar could be readily distin- 
guished. Going now northwest, we cross into a cedar swamp, at 
about one hundred and fifty paces from the corner, and leave it near 
the S. E. 4 of Sec. 24. Continuing in the same direction, we skirt 
along the eide of quite a high range, but before reaching the center of 
Sec. 24, we mount to the top of it. The attractions are variable, but 
are more decided than they were for some distance back. At the cen- 
ter of the section, the variation is 16° to the west, and the dip is 20°. 
The timber, since leaving the swamp, consists of hemlock, birch, sugar 
maple, elin, basswood and balsam (fir), and will eut fifty cords per 
acre, two-thirds hard wood. To the west of the center of the section, 
the range drops off into low ground. Proceeding now northeast on 
the broad table land on the crest of the range, the westerly variation 
becomes less, and the positive dip of the needle changes to a negative 
one, in some instanees being 15° negative. The timber, along the 
range, is a fine quality of hard wood, and will cut fifty-five cords per 
acre. Near the center of the N. E. } of Sec. 24, we descended upon 
low, rolling land, timbered with hemlock, birch, cedar, ete. Turning 
east from the N. E. corner of Sec. 24, we went along the north line 
of Sec. 19. The magnetic attraction crossed the line; and at three 
hundred paces easterly froin the corner, is a large outcrop of diabase, 
similar to those on the north shore of Bladder lake; and farther east 
and south of the line are other ledges of diabase. The timber along 
this line is mixed, consisting of hemlock, birch, sugar maple, spruce 
and cedar, and will cut forty cords per acre, one-fourth hard wood. 
September 15. We broke camp and went west to the N. W. corner 
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of Sec. 19, and, continuing west along the north line of Sec. 24, we 
cross a small stream, at three hundred and fifty paces, running north- 
west. This same stream crosses the line again at five hundred paces, 
and runs thence into a small lake (see map). We skirted along the 
north line of the lake for nearly a mile, and went thence to the N. W. 
eorner of Sec. 24, and continued west along the north line of Sec. 23 
for a distance of thirteen hundred paces. We cainped on the margin 
of a small creck near where it empties into Marengo river. At this 
point there are some falls on the river which ageregate about sixty 
feet total descent. The river flows from the southeast and plunges 
down a narrow granite gorge, and immediately below the falls the 
water has worn out a wide basin, which abounds in fine speckled trout. 
The pool is limited on the south and east sides by nearly vertical 
walls of granite more than fifty feet in height. To the west (see 
plate XX VI) is the narrow valley of the river, hemmed in by ledges 
of reddish granite and massive greenstone. To the northwest, not far 
away, are high bluffs of greenstone, and to the north is a deep valley 
down which flows the pure spring waters of the brook already men- 
tioned, making altogether a very interesting and pleasant camping 
ground. Following up the small brook to the north line of See. 25, 
we turned east and ascended the steep sides of the valley. The north 
quarter-post of this section is near the summit of the hill. Attrac- 
tions are strong, owing to low ledges of magnetic ore outcropping a 
few paces to the east. : 

Turning south, we passed over the summit of the range, which is 
about one hundred and fifty feet high, and made magnetic observa- 
tions every fifty paces (see plate AX V1). 

Five hundred paces to the south of the quarter-post is a ledge of 
granite (spec. 179), having a pale reddish color and medium grained 
texture, resembling some marbles. It is massive, showing only 
faint lines of bedding. Under the microscope, there may be seen in 
the section, the quartz, feldspar, and a little chlorite; the quartz grains 
are angular and contain numerous fluid inclusions; .the feldspar con- 
sists of the plain and striated varieties; the former, however, is in ex- 
cess of the latter, and each is much altered and presents a d7onzy 
appearance. The chlorite is not easily recognized. To the south, the 
range drops off into low ground. Proceeding eastward, we saw, at 
two hundred paces, a low outcrop of chloro-silicious schist, similar to 
No. 141. It has a strike of N. 80° W., and a dip of 60° northerly. 
At three hundred paces more are several ledges of actinilo-magnetic 
schist, the first having a strike of N. 70° W., and a northerly dip of 
60°; but at one hundred paces further east the dip is 30°. 
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The magnetic schists are very similar to those near the Penokee 
Gap; only these contain more anthopyllite, and perhaps might more 
properly be named anthophyllo-magnetic schist. It is not easy to 
distinguish between these minerals when they are intimately mixed ; 
then, too, the dichroitic test cannot always be strictly relied upon, 
since the lighter colored actinolite shows but very little dichroisin. 
Continuing east, we pass over several outcrops of magnetic schist, 
and at a point four hundred paces south of the northeast corner of 
the section (25), we turned north. At two hundred and fifty paces 
south of this corner, is a ledge of diorite. The rock is a very dark 
green, speckled with light gray, is very tough, and has an indistinct 
coarsely-crystalline texture, some of the crystals of amphibole being 
nearly an inch across. Still it is diflicult to distinguish their cleav- 
ave planes, Under the microscope, the cause is readily determined, 
for at first glance the amphibole has the appearance of being broken 
and the fragments separated, but this is hardly possible, since the 
optical bisectriees of all these fragments belong to the same crystal, 
and are exactly parallel, as may be shown by crossing the nécols, and 
revolving the slide. A carcful examination, however, shows that the 
amphibole originally enclosed numerous slender crystals of feldspar, 
which are now more or less completely granulated, from decom posi- 
tion. Besides these may be seen several small crystals of amphi- 
bole mingled with the larger ones. There are also many netted forms 
of magnetite scattered in the section. Proceeding north to the corner, 
we pass over other similar ledges of greenstone. The magnetic attrac- 
tions are very strong here, the variation indicated by the solar com- 
pass being 60°, with a very quick vibration (see plate XXVI). 

Continuing north from the corner, we ascend a low rise of ground, 
but at one hundred and fifty paces it begins to descend. Ata hun- 
dred paces more, we cross an open bog swamp about one hundred 
paces wide, and, at five hundred paces north of the corner, is the south 
edge of an open spruceswamp; after passing which, we turn west from 
the east quarter-post of Sec. 14, and skirt along the north edge of the 
swamp, and found at five hundred paces on this line, the small 
brook, which runs past our camp, and on either side of which are ledges 
of massive greenstone. Going west from the center of Sec. 14, we ascend 
about one hundred fect to the high table lands, and turning south we 
began to descend almost immediately, and, at three hundred paces, 
crossed the small brook again, and thence went diagonally across and 
down the valley. Descending the southeast slope of the valley we re- 
turn to the south quarter-post of Scc. 16, proceeding thence westward 
down the Marengo river to the S. W. corner of Sec. 14. On the south 
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side of this valley aresteep ledges and bluffs of reddish granite and 
syenite, and on the north side is a high hill on which are outcropping 
ledges of greenstone. The variation of the solar compass on the granite 
is to the east, while on the north side of the river it is to the west. 

The S. W. corner of the Sec. (14) is about one hundred and fifty 
paces south of the river. 

Upon turning north from the corner, we go down, for one hundred 
and thirty paces, a steep bank tothe river, and then ascend the opposite 
bank, or side hill, to the table lands above. 

At three hundred and fifty to four hundred and fifty paces from the 
corner, are low outcrops of greenstone, where the variation of the solar 
compass was about 7° west. 

Thinking that the Iron range might possibly have taken a bend to 
the north, we continued northerly for two and half miles, but the 
westerly variation still remained. In See. 11, at five hundred paces 
from its southwest corncr, is a low ledge of reddish granite, and at one 
thousand paces north of here, is another similar granite ledge. 

In See. 3, at five hundred paces north, and nineteen hundred paces 
west of its southeast corner, is a large outcrop of d/orite, having a 
greenish black color, and a very coarse grained, crystalline texture. 

The hornblende crystals are very large, and frequently have a smooth, 
jet black surface. The hornblende has only an imperfect cleavage, 
owing to the fact of its having a finely fibrous internal structure, as 
inay be seen, under the microscope. The fibres are not strictly 
parallel, but are very slightly inclined to each other; the plain and 
striated feldspar are more abundant than appears to the unaided eye. 
The latter variety is in excess of the former, and alittle titanic iron ore 
iscontained. The land is high and rolling, and the timber fine hard 
wood, which, through Secs. 14 and 11, will average fifty cords to the 
acre, and in Sec. 2 sixty cords, two-thirds hard wood. 

Turning east, and then south, to the south line of Sec. 2, we pro- 
ceeded east. Sixteen hundred paces east of the S. W. corner of Sec. 
9,is a ledge of diabase. It is of a dark green color, sprinkled with 
gray, and has a medium grained, crystalline texture. Under the 
microscope, it appears to be about an equal mixture of pyroxene and 
of triclinic feldspar. As accessories, may be reckoned hornblende and 
possibly a little hypersthene. The trend of this ledge, and of the 
ridge which it forms, is §. 45° W. At about two hundred paces fur- 
ther east, there is a ledge of reddish granite. The solar compass per- 
sistently maintains its westerly variation. At the south quarter-post of 
See. 2 it is 15°, but the dipping needle gives no indication of any 
magnetic attraction. The timber along, and near, the south line of 
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the section, is mixed, and will cut sixty cords per acre, two-thirds 
hard wood. Near the N. E. corner of See. 2 is a low ledve of gran- 
ite, and, going south, we find, at fourteen hundred paces from the N. 
E. corner of See. 11, a ledve of greenstone. The timber along the 
east line of See. 11 is of a mixed character, and will cut fifty cords to 
the acre, one-half hard wood. Changing our course, we went 8. 26° 
W., from the above corner, to the south quarter-post of See. 14. On 
this route, and in the N. E. qr. of See. 14, are several ledges of green- 
stone. From the south quarter-post of this section, the magnetic at- 
tractions proved to be quite strong. Going east from this corner, on 
reaching a distance of four hundred paces, a large ledge of diorite, 
similar to those just southwest of this point, isfound. This ledge ex- 
tends nearly a hundred paces to the north; and to the south are three 
or four smaller ledges of diorite. It will be noticed on plate XAXVI, 
that the dipping needle shows seareely any dip on this line for five 
hundred paces to the south of the north line of Section 24. Neither 
are the attractions much stronger, as indicated by the dipping needle, 
when we turn west, for a distance of two hundred paces or more. 
From this, it would appear that the iron ore deposit of this locality is 
large and lenticular shaped. Following around southwesterly from the 
north quarter-post of Sec. 23, we find a steep bluff of lean magnetic 
ore facing the valley, and extending for a distance of three hundred 
paces. The rock in some portions of the ledge has a fine steely tex- 
ture, and would assay 65 per cent. of metallic iron. 

I regret that we could not spend more time in this locality, 
but having been already detained here by rainy weather, and as my 
purpose was to trace the range as far westward as possible, I hardly 
felt justified in doing as much detail work as a complete examination 
would involve. 

September 18. We started west this morning with our camp equi- 
page. The Marengo river bears away to the northwesterly from the 
S. W. corner of Sec. 14. At four hundred paces west of this corner, 
we cross a small stream running northerly, and then enter a cedar and 
tamarac swamp, some two hundred paces wide. On the west side of 
the swamp, at a distance of seven hundred paces west frum the corner, 
and just to the north of the section line, is a ledge of tremolitic lime- 
stone (No. 190) similar to 174 from Sec. 24, T. 44, R. 4 W. As we 
continue, the country becomes more rolling, and at three hundred paces 
west from the south quarter-post of Sec. 15, we find a low ledge on the 
crest of a ridge, which extends northeasterly. The ledge consists of a 
grayish white marble, with the faintest tinge of green, and has an 
even, fine-grained (saccharoidal) texture. To the touch, it feels rough, 
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and, scattered through it, are numerous glistening facets. The rock is 
a coarse variety of No. 190. 

Continuing again our course, we cross a small stream at six hundred 
paces west from the quarter-post, and, at one hundred paces more, is 
found a ledge of diorite (spec. 192). It is of a dark green color, and 
has a medium grained, somewhat indefinite crystalline texture; is 
jointed and massive, having an uneven, jagged fracture. The only 
mineral ingredient that can be recognized is amphibole. 

Under the microscope, the section presents an interesting field, es- 
pecially in some of the amphibole crystals, that are twinned. These 
crystals enclose numerous fibrous bunches of actinolite, which, appar- 
ently, are of a secondary nature; that is, recrystallized from the large 
original erystal. What suggests this is, that when these fibrous forms 
are confined to one side of the erystal they are then sharply defined or 
limited by the twinning or dividing line, which would hardly have been 
the case were they mere inclusions. 

Ascending a low ridge, brings us to the S. W. corner of Sec. 15. 
The timber, adjacent to this line, for the first quarter of a mile, going 
west, was of a mixed character, and will cut forty cords to the acre, 
one-half hard wood. After passing the swamp, for a distance of six 
hundred paces the timber consists of pine, spruce, hemlock and _ bal- 
sain, and is of but little value, but, for the remainder of the distance, it 
is good and will yield fifty cords per acre, two-thirds hard wood. The 
solar compass gave a variation to the west, from the quarter-post to 
the southwest corner, but the dipping needle stood practically at zero. 

Proceeding west along the section line, we pass a low ledge of green- 
stone, at one hundred and fifty paces from the corner. This is 
succeeded by a small, rapid stream. The country to the south quarter- 
post is rather flat, and, just before arriving at the quarter-post, we 
cross and recross a small stream several times. To the north of this 
line, about one hundred paces, and at about eight hundred paces to 
the west from the S. E. corner of Sec. 16, is a low outcrop of chloro- 
silicious schist having a strike of S. 80° W., and a dip of 65° north. 
There are other ledges of diorite at about one hundred paces to the 
west of the quarter-post, which continue for one hundred paces. 

The rock (spec. 197—VII) is of a dark green color and a fine- 
grained texture. The mineral ingredients can scarcely be recognized. 
Under the microscope, the section appears to be composed of plain 
and striated erystals of feldspar and of irregular fragments of amphi- 
bole, and also several groups of narrow filaments resembling magne- 
tite, or possibly menaceanite, arranged in parallel manner. The 
magnetitic attractions rapidly increase, as we go westward, and on 
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ascending the steep slope of the range, we find near the summit, six 
hundred paces to the west from the quarter-post, large exposures of 
magnetic schist. The bedding planes are easily made out, as the 
ledge is banded; and the strike is S. 65° W., and the dip 65° north- 
westerly, The ledve extends to the northeast for eighty rods or more; 
but to the southwest, the range gradually drops off into lower land. 
The crest is quite broad, and is about two hundred feet above the 
general level of the country. The timber is fine hard wood, and will 
ent fifty cords per acre. 

Continuing westward, we descend the long gentle slope, and, at 
seven hundred and fifty and eight hundred and fifty paces west from 
the quarter-post, are ledges of divrite, which, as may be seen, overlie 
a portion of the magnetic schists. They are massive, and have a 
dark green color, mixed with gray; are of a medium crystalline tex- 
ture. The amphibole can be made out with a little care, and, wader 
the microscope, the section presents about an equal mixture of plagio- 
clase and amphibole; and also a little orthoclase, pyroxene, and mag- 
netite. The plagioclase is in slender, finely striated erystals, The 
amphibole erystals are of a very pale green color, and are inclined 
toa bushy structure. Many of them are twinned. 

The variation of the solar compass at the S. W. corner of Sce. 16, 
is 60° west, and the dip is zero; but, at only fifty paces west of here, 
it is 160° east, and the dip 90°. The attraction decreases to the west 
see diagram XXVII—and at three hundred paces on the line west 
from the corner, the solar compass and dipping needle each stand at 
zero; but as we continue west, the needle of the solar compass swings 
gradually around to the west, while the dip needle remains at zero, 
but the vibrations become quicker until at eight hundred paces west 
from the corner, where it gives a dip of 10° with quick vibrations, and 
the solar compass indicates a westerly variation of 30°. At one 
hundred paces farther, the dip needle indicates 90°, and close by the 
north quarter-post of See. 20, the variation is 105° east. At one hundred 
paces west of the quarter-post, the variation is 80° east, and the dip 
is 40°; and at one hundred more the variation is 45° east, but the dip 


is 10° negative. 

It will be seen that we crossed the range again, and that it is some- 
where to the south. Farther west, we pass several ledges of green- 
stone, and when within three Lundred paces of the N. W. corner of 
Sec. 20, we skirt along the south slope of a high, isolated point or 
sharp ridge of hornblende rock, at the western end of which is the 
corner. It forms a prominent land-mark and may be recognized for 
a long distance away, being about four hundred feet above the general 
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level of the country. The hornblende rock which forms this ridge is 
massive and jointed, and traversed by granite dykes. The hornblende 
rock (spec. 193) is of a dark green color, fine grained, crystalline in 
texture, and the mineral ingredients are too small to be made out. A 
fresh fracture is rough and jagged to the touch. Under the micro- 
scope, the section is seen to consist largely of feldspar and amphibole, 
and also of quartz, a little chlorite, and a few opaque grains of mag- 
netite. The feldspars, plagioclase and orthoclase are about equally 
divided and are rather in excess of the amphibole, which is of a pale 
green color and only slightly dichroitic. The granite veins intersect- 
ing this ledge are reddish in color, and medium grained, and have a 
semi-vitreous texture. On a fresh surface may be seen numerous 
sinall facets of feldspar and vitreous grains of quartz; also an occa- 
sional dark greenish bunch of what appears to be altered biotite; 
fracture sub-conchoidal. Under the microscope, the section, appar- 
ently, consists of about two-thirds of decomposed feldspar, and one- 
third of limpid quartz grains; also a few groups of some mineral 
resembling biotite; the latter mineral is dichroitic, and its optical 
bisectrix appears to be parallel to the cleavage lines on some of the 
fragments. The feldspar has a dirty brownish appearance, and some 
of the outlined masses are faintly striated. The grains of quartz con- 
tain numerous minute cavities filled with a salt solution, out of which 
has crystallized a small transparent cube. The minute bubble, always 
present, has scarcely any visible movement. See description of granite 
on page 248. 

Tlie country near the north line of Sec. 20 is slightly rolling, and 
the timber will average forty cords of wood per acre. 

Turning south from the N. W. corner of Sec. 20, we went four hun- 
dred paces to a small lake and camped. The lake is about half a mile 
wide by three-fifths of a mile north and south. The wateris pure and 
clear, and the bottom clean and sandy. 

The magnetic attractions are here quite strong, and believing that 
they extended across the lake, we constructed a raft to determine the 
fact. Tracing the attractions eastward along the shore, we found that 
they continue but a short distance, taking, apparently, a northeast- 
erly direction. Coasting along the east shore to the southeast corner 
of the lake, and finding no more magnetic attraction, we returned to 
camp, and afterwards paddled around the northwest shore. The 
attraction, thouch feeble, still exerts an influence on the needle until 
we reach the northwest corner of the lake, but from thence to the 
south, it very soon ceases. 

September 20. Desiring to learn something more of the extension 
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of the Iron range in Sce. 16, and to the east, we proceeded to the south- 
west quarter-post of See. 15, and thence due northwest. See plate 
XXVIL. The magnetic variation at the qnarter-post is GU* to the 
west, and the dip is zero, At three hundred and eighty paces, how- 
ever, on this northwest course, the variation is 4° west, and the dip ta 
16° positive. At one hundred and fifty paces more, the variation is 5° 
east and the dip 8% Thro3 hundred and fifty paces north, and thir- 
teen hundred and fifty paces west from the southeast corner, we cross 
the Marengo river, the current of which is rapid and the width about 
twenty feet. Further tothe northwest, the magnetic variation changes 
to the west, and the dip, at first zero, becomes slightly negative. 
Turning south, we follow the west line of See. 15 to its southwest 
corner. 

To illustrate how poorly the government surveys have, in some in- 
stances, been done, especially through this region, I will mention that 
the west line of See. 15 is only three-fourths of a mile long; in other 
words, it is only eighty rods from the southwest corner to the quarter- 
post on the west line of the section. Probably the governinent sur- 
veyors undertook to run with the compass needle, and the results are, 
as might readily be supposed, very unsatisfactory. 

Three hundred paces north of the S. W. corner of Sec. 15, we again 
eross the Marengo river, and on its south bank weaseend a sharp hill; 
and, at a short distance to the west, is a large, abrupt bluff, facing to 
the north. The ridge has an east and west trend, and its highest 
point is about two hundred feet above the river. The rock is a dio- 
rite, very dark green in color, of medium grain and crystalline texture, 
and weathers to a dark drab color. The cleavage planes of the am- 
phibole can be readily made out; also a few black, metallic-like grains 
of magnetite. 

Under the microscope, there may be recognized plain and striated 
erystals of feldspar, amphibole, and an occasional crystal of pyroxene, 
and a few grains of magnetic ore. The crystals of orthoclase are 
quite large, and thickly strewn in them are fibrous fragments of am- 
phibole. The slender crystals of plagioclase often lie partially within 
the orthoclase, while the other portion of the same crystal lies within 
the amphibole. North of the river, near the route we traversed, is 
some good pine timber. 

Turning northwest again, we pass over the ledge just mentioned, 
and, at two hundred paces, came to a small, clear brook; and thence 
we pass over a narrow ridge, and, at seven hundred paces, we cross 
another small brook, and at a few paces further along, is a ledge of 
greenstone very similar to No. 193. This ridge is about seventy-five feet 
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high, and terminates very abruptly on its northwest side. Skirting 
along the foot of a high range totthe west, we finally reach a peint 
fourteen hundred paces from the southeast corner of Sec. 16. The 
variation along this route averaged about 8° to the west, and the dip- 
ping needle indicated zero until we reached the center of the section, 
where it gave a negative dip of 10°. 

Changing our course to due south, we ascend the, at first, easy rise 
of the range, which very soon becomes steeper, while the negative 
dip increases, and at seven hundred and twenty-five paces north of the 
south quarter-post of Sec. 16, on the steep side of the ridge, is a ledge 
of hornblende rock, similar to 193. The ledge is intersected by gran- 
ite veins, similar to the ledge near the northwest corner of Sec. 20, 
described on page 287. Continuing south for one hundred and twenty- 
five paces, we ascend to the summit of the range, where is a loose 
ledge of magnetic schist. There can be no doubt but that there is a 
narrow belt of magnetic schist underlying this. Twenty-five paces 
further south is a low ledge of hornblende rock; and on the summit 
of the range are numerous boulders of coarse grained diabase. The 
range is about three hundred feet above the general level of the 
country. 

At four hundred and seventy-five paces from the south quarter- 
post, the range begins to descend to the south. There are several 
ledges of diorite about here, similar to 197, and, at three hundred and 
seventy-five paces north of the quarter-post, is the junction of the 
diorite and the banded magnetic schist. The strike of the magnetic 
schist is N. 45° W., and the dip 35° northwesterly. The bands are 
broad, and some of them are an inch in width. The magnetic belt is 
one hundred paces wide, measured on a north and south line. Adja- 
cent to this is a massive quartzite. 

Fifty paces further south occur numerous ledges of diorite, which 
extend to within seventy paces of the quarter-post. Proceeding north- 
west from the south quarter-post of Sec. 16, we climb again the range, 
and find the ledges of rock about in the same order as before. See 
plate XXVIII for magnetic attractions. 

At one hundred paces northwest of the center of the southwest 
quarter of Sec. 16, are ledges of hornblende rock intersected by granite 
veins, and at one hundred and fifty paces further to the northwest is 
another ledge of hornblende rock similar to it. 

Descending the range again, we continue northwest, and pass one 
hundred paces beyond the section line; then, turning south, we ascend 
once more the Iron range, but ere the summit is attained, we find 
another low ledge of hornblende rock. One hundred paces to the 
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south, or six hundred pacea north of the section line, begins some 
strong magnetic attractions, which continue south for three hundred 
paces. 
September 22, Starting in the afternoon frum our camp near the 
lake, four hundred paces north of the northeast corner of Sec. 19, we 
went northwesterly to the north line of this section, and then west 
along the section line. The country is rather flat, and the timber will 
average from fifty to sixty cords to the acre, one-quarter hard wood. 
We crossed a small spruce swamp near the corner. The section is 
only about three-quarters of a mile wide, east and west. 

Guing north from the northwest corner of See. 19, and carefully 
taking magnetic observations, with the hope of finding some traces of 
the Iron range, we fuund nothing practically worthy of notice before 
reaching the northwest corner of See. 18. Guing thence southeasterly 
to the southeast corner, we could detect no magnetic variations. The 
land in See. 18 is slightly rolling, and the timber a mixture of soft 
and hard wood, which will yield fifty cords per acre, one-half hard 
wood. 

September 23. We broke camp this morning, and I determined to 
follow the magnetic attractions, as yesterday’s work gave no clue as 
to the continuation of the magnetic range. Starting westward along 
the shore of the lake, we traced the belt for six hundred paces quite 
readily, but from this point our sensitive solar compass needles were 
but little affected. See plate ANVILL The variation was from 5° 
east to 2° west, while the dipping needle stood at zero. 

Coming upon a small lake, we passed around its north end, and 
thence to the northwest corner of the section; here laying aside our 
packs, we proceeded south, but our needles were not affected for the 
first four hundred paces. In the next fifty paces, the dipping needle 
indicated 5° negative dip, which continued the same for the next fifty 
paces, the solar compass still standing at zero. At five hundred and 
lifty paces, the solar compass gave a 3° variation westerly, and the dip- 
ping needle a positive dip of 5°. This rapidly increased for the next 
hundred paces, the variation becoming 22° to the west, and the dip 33° 
positive. Continuing south, the attraction soon ceases, and at eleht 
hundred and fifty paces south of the corner, the dipping needle stands 
at zero, and the variation is zero. 

Having been told that there was iron ore on the north shore of 
Long lake, we proceeded west along the north line of Sec. 24, T. 44, 
Rh. 6 W., hoping thereby to again cross the magnetic belt. At one 
hundred paces west from the northeast corner of Sec. 24, and one 
lundred paces north of the line, is the south corner of a small Jake 
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the dimensions of which are about one hundred rods east and west, 
and a half mile north and south, embracing nearly all of the southeast 
quarter of Sec. 13. 

We found no magnetic attractions along the north line of the sec- 
tion, indicating that the range must be somewhere to the south, not- 
withstanding the reports to the contrary. 

Pitching our tents near the northwest corner of Sec. 24, we retraced | 
our steps along the section line to withia five hundred paces of the 
northeast corner of Sec. 24, and then turned south to cross the line of 
attraction already observed on the east line of the section. Four 
hundred paces from the line, we came to a lake which is not laid down 
on the government plats. This lake, as may be seen by consulting 
plate X XIX, is about three-fourths of a mile in length, north and 
south, and will average one-third of a mile wide. It is located 
entirely in the east half of Sec. 24, and occupies, therefore, about one- 
half of this area. Traveling around on the west side of the lake, we 
expected at every step to find magnetic attractions. Six hundred 
paces south from the north line of the section begins some low, wet 
ground, leading soon into an open tamarac swamp. See plate A XIX. 
The dipping needle gives in the swamp a negative dip of 5° to 10°, 
the solar compass indicating only a small westerly variation; but just 
as we reach the southern limits of the swamp, four hundred paces 
from the south line of the section, the needle gave a positive dip of 
10°, and the solar compass turns to 14° west. Continuing south to 
within one hundred paces of the south section line, the dip becomes 
zero, and the west variation also diminishes. Going due west for 
two hundred paces, the west variation increases to 15°. Turning 
north for two hundred paces, we find, at three hundred paces north 
and twelve hundred paces west from the southeast corner of Scc. 24, 
a variation of 50° west and a dip of 40°. Thence turning west for 
one hundred paces, the variation changes to five degrees east and the 
dip becomes zero, showing that this point is west of the magnetic belt, 
and that the lines of attraction have a southwesterly direction. Pro- 
ceeding due southwest to the south line of the section, the magnetic 
attractions continue to remain strong. 

Wishing to connect our work with the government survey, we went 
due west to the corner. The attraction very soon ceased, and at the 
corner the variation was only 2° east and the dip zero. Going now 
south for one hundred and fifty paces, the variation becomes again 
24° east, and the dip 45°. At fifty paces more the variation changed 
to 68° west, and the dip became 30°, with quick vibration. Returning 
north to camp, we passed over a low rise of ground, and, at thrce hun- 
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dred and fifty paces from the southwest corner of Sve. 24, we caine to an 
old windfall, burnt over, and, along this rise of ground, passes the old 
Marengo Indian trail. The timber of the north half of thiz section 
consists of hemluck, bireh, spruce, cedar, and balsain fir, and wiil cut 
fifty cords per acre, one-fourth hard wood. The timber of the south 
half is tamarae, ete., the land being mostly swampy. Sce plate XXTX. 

September 23. Last night there was a severe thunder storm, accom- 
panied with high wind, whieh blew down much standing timber. The 
reverberations of thunder were remarkably prolonged and loud. We 
gathered up our camp equipage, and proceeded south to where we 
had left the line of attraction. Sending our Indian packer on the 
Marengo trail, to a small lake in the west half of See. 26, we pro- 
eceded southwest. The magnetic attractions were strong and easily 
traced. See plates XXTX and XXX. Six hundred paces southwest- 
erly from the northeast corner of Sec. 26, we leave the swamp 
and come upon higher ground. Arriving at a point six hundred 
and fifty paces north and one thousand paces west of the southeast 
corner of Sec. 26, the variation had gradually decreased until it was 
now only 2° east, and the dip zero. Going southeast, the needles 
were again strongly affected, and at four hundred and three hundred 
paces north and seven hundred paces west of the southeast corner of 
Sec. 26, are some low ledges of banded magnetic schist, which are 
plainly bedded, and have a strike of S. 50° W., and at one hundred 
paces southwest of this point the strike is 8. 60° W., while the dip of 
the bedding is 40° to the northwest. The magnetic schist is mixed 
largely with actinolite and silica. Between these two magnetic belts 
are ledges of massive diorite, similar to 198. 

The timber on the north side of the line of attraction is of a fine 
quality, and consists of sugar maple, birch, elm, ironwood, linden and 
fir, and wil] cut sixty cords per acre, two-thirds hard wood. South of 
the range, the timber is hemlock, birch and fir. 

Proceeding now S. 64° W., we found the variations, at first, chiefly 
to the east, and then slightly to the west for a short distance, when it 
changes to the east and then again to the west. See plate AXX. At 
a point fifteen hundred paces west from the corner, we turned north 
from the south line. The variations remained to the west, and the 
dipping needle stood practically at zero, until we reached a distance 
of six hundred and fifty paces north of the line, where the variations 
suddenly changed to 30° east, and the dip was 5° positive. 

Thinking that the attraction might, possibly, be due to a large 
boulder, we continued two hundred paces farther to the lake — Trap- 
pers —and then along the southeast shore to where our Indian had 
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camped. We found the bottom of the lake sandy and the water clear. 
Returning after dinner to investigate the matter of the boulder, we 
found that there was a narrow belt of attraction, having an easterly 
and westerly direction. Tracing it westward into the lake, we then 
turned and traced it eastward, on the somewhat crooked line repre- 
sented on plate XXX, to where we had left it in the forenoon. There 
were no more outcrops of magnetic schist, but at four hundred paces 
north and twelve hundred paces west of the 8S. E. corner of Sec. 26, is 
a ledge of diorite, similar to those farther east. Again returning to 
the lake, we camped on the south side of it, just west of the east line 
of Sec. 27. . 

September 24. We went westerly, along the south side of the lake, 
and then along the west side, but not finding any notable attractions, 
we continued around to the north side, with no better success, and 
then along the east side to the south again, to where the range passes 
into the lake; making a raft we endeavored to trace the attractions on 
the lake, but they were feeble, and as the afternoon was cloudy, pre- 
venting the use of the solar compass, we were confined to the dip 
compass, which was not sufficiently sensitive to be of much aid 
to us. 

We went south on the east line of Sce. 27 to the southeast corner, 
passing through fine hard wood timber, and then turned west, taking 
the variation as near as possible from the south line of the section. 
At six hundred paces on this line, the dipping needle was slightly dis- 
turbed, and a gleam of sunshine enabled us to use the solar compass, 
by which we found a variation of 18° W., which increased to 28° W. 
at fifty paces further west. This decreased, and at eight hundred 
paces west it was 5° W. 

September 25. We broke camp and proceeded southwest to where 
we were at work yesterday, and, continuing the same, we reached the 
northwest corner of a small lake —Cranberry — fifteen hundred paces 
north and one thousand paces west of the southeast corner of Sec. 34. 
The shores of the lake are comparatively low and sandy. It lies 
chiefly in the northeast quarter of Sec. 34, and embraces about one- 
half of this area. Skirting along the west shore of the lake, we leave 
the line of magnetic attraction to the east; but proceeding east from 
the south end of the lake, two hundred paces, and then south and 
east again across a low cranberry marsh toa rise of land (see plate 
XXXI), we find the magnetic belt again. The variation at six hun- 
dred and fifty paces north and ten hundred and fifty west, is 2° east, 
and the dip zero. At fifty paces east, the variation is 6° east, and the 
dip 10% Attwenty paces further the attractions are the same. Still 
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twenty-five paces more, the variation becomes zero, and the dip is 12°; 
and at fifty paces more, the variation is 8° west, and the dip is 10”. 

The back-water of Nemakagon lake, from the dam at its outlet, 
overflows here, and, through the dead timber to the south, ean be seen 
the open lake not more than thirty rods away. We traveled to the 
west, around this back-water, and thence southwesterly to a camping 
place on the north side of Nemakagon lake. This point is located 
three hundred paces north and thirteen hundred paces west of the 
southeast corner of See. 34. The attraction here is 4° W., and the 
dip 5° negative. We built a raft and paddled easterly across the nar- 
row bay to a point of land, where the solar compass gave a variation 
of 4° west, which increased to 12° west. See plate XNXI. Farther 
east it decreased, and at six hundred paces east-southeast, the varia- 
tion was £° west, and the dip needle stood at zero. At the south- 
west extremity of this point of land, two hundred paces south from 
where we landed, the variation is 10° west, which decreases to the 
eastward. This would seem to indicate that the range was making a 
southwesterly turn. 

Neturning to the spot where we landed, we went easterly, skirting 
along on the shores of the bay, and thence wert northerly, intending 
to go to the north end of this bay where we were before noon; but we 
were prevented from reaching there by the back-water. We found, 
however, no greater variation than already noticed to the south, and 
the dipping needle did not change from zero. 

Again boarding our raft, we paddled nearly due southwest to a 
sharp point of land — see map — but the attractions were practically 
nothing. Leaving the raft, we went along the shore to camp, but 
detected no variation of our necdles. 

September 26. We returned to our raft and paddled, at first, nearly 
due south to the south end of an irregularly shaped peninsula, and 
thence southwesterly to a point on the main shore about five hundred 
paces north and three hundred paces west of the southeast corner of Sec. 
4. On account of back-water we were obliged to go, at first, northwest 
to near the center of the section, and thence southwesterly for nearly a 
mile, when our further progress was cut off by the back-water from 
the dam. We were now compelled to go northerly for about a quarter 
of a mile in order to get around the back-water, which had overflowed 
atamarac swamp. Finally getting around this, we proceeded again 
to the southwest, and soon struck a trail, which broucht us to a dam 
on the Nemakagon river. This dam is about fifteen feet high, and is 
located at thirteen liundred paces north and eightcen hundred west 
from the southeast corner of Sec. 8, T. 43, R. 7 W. Sonth of here 
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a short distance we found the strongest magnetic attraction observed 
during the day, the variation being 7° west; following a wagon road, 
we reached Chalmers’ camp, fourteen hundred paces north, and one 
hundred west of the southeast corner of Sec. 7. After procuring 
some supplies, we returned to the dam, and examined further the 
magnetic attraction already noted. Constructing a raft out of some 
loose plank which we found, we paddled and poled up the river. Just 
above the dam the variation becomes 50° east, but this soon ceases, 
and our needles fur the remainder of the voyage remained at zero. 
Although there is no ‘perceptible current in the river, owing to the 
back-water, still the channel can be easily followed by the dead timber 
which borders it; the general direction of the stream is easterly until 
it crosses the east line of See. 8, when it makes a sharp northeast turn, 
and we enter the Jake at the north end of a narrow bay. Turning 
south, we rounded a sharp point of land. The sun having gone down, 
and it being quite dark, we were obliged to hug the shore in order to 
find the narrow channel between the peninsula and a large island, 
shown on the government plat—see map. The night was cold, and 
as our means of propulsion were limited to a couple of limber fish 
poles and a short piece of a board, our progress was necessarily slow. 
Our only light came from the feeble twinkling of the few stars not ob- 
scured by the clouds, which made the deep shadows from the overhang- 
ing trees appear still darker, rendering it a matter of much difficulty to 
find the narrow passage for which we were in search, but finally we 
succeeded. Still we were not certain whether it were the right one. 
Entering the north basin of the lake, our camp fire was nowhere visi- 
ble, but soon answering shouts responded to our calls. Encouraged, 
we paddled away and were speedily gratified with the cheering view 
of our blazing camp fire casting its comforting gleams across the dark 
waters of the silent lake. Our troubles were now quickly dissipated, 
and we enjoyed the additional pleasure in finding at camp an old 
Indian with a birch canoe, the advantages of which our recent expe- 
rience had tanght us to appreciate. 

September 27, Waving engaged the Indian and his canoe, we pro- 
ceeded in it to where we had the day before left our first raft, making 
magnetic observations constantly. We went easterly to the northeast 
point of the peninsula, but could detect no magnetic attraction. The 
peninsula is the most elevated land near the Jake, and rises at its east- 
ern extremity to one hundred and fifty feet above the surface of the 
water. It is timbered with good hard wood and scattering pine. 

We were hopeful that this was a portion of the range, but were 
unable to verify the supposition. Crossing the channel to the island, 
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we continued our examination there, but met with no better success, 
Re-embarking, we proceeded to the north shore of the lake and then 
coasted along it to camp, but could find no trace of the magnetic belt. 
The afternvon being cloudy and rainy, rendering it impossible to use 
the solar compass, we went to pick some cranberries and shoot ducks, 
of which there were an abundance, and met with excellent suecess. 

September 28. Believing the range to be somewhere to the south- 
west, we broke camp this morning, and putting our luggage into the 
canoe with the two Indians and the old trapper’s five dogs, Brother- 
ton and myself got on to the plank raft, and, fastening a tow line to 
the canoe, we set out for the dam. The wind, blowing quite fresh 
at starting, increased to almost a gale when we were about half way 
across the lake. Our fair-weather bark was tossed about in a manner 
that rendered our destination a little uncertain. Brotherton couldn't 
swiin a stroke and therefore took great interest in the craft —a sort 
ofalifelease. The raft was constructed of three planks and, of course, 
had little superfluous buoyancy to bear the additional weight of the 
waves by which it was occasionally submerged. Our Indians, for 
once, seemed to appreciate the danger of the situation and plied their 
paddles lustily to reach the channel, where the water became smoother. 
It now beginning to rain and hail, we went ashore, covered up the 
baggage, and built a fire to dry ourselves, for we had become 
thoroughly drenched from the rain and the waves, having been some 
of the tine almost under water. Impatient of delay, we cut short our 
sojourn and again took to our craft to resume observations. The 
needle, however, remained at zero. 

We arrived at the dam abont noon, and pitched our camp west of 
the dam, thirteen hundred paces north and fifteen hundred west from 
the southeast corner of Sec. 8. After dinner the old Indian, who had 
always lived in this vicinity, volunteered to take us to some ledges of 
rock, but like nearly all Indian stories of this kind, his information 
proved to be of no value, for the ledges turned out to be boulders. 

Chalmers’ camp was incharge of Mr. Dickson, who had cleared up 
and planted a couple of acres. Ile was unable to give the location of 
his camp. : 

North of the camp there is a variation of 7° west and a positive dip 
of 10°. We started out on a wagon road running northwesterly, and 
took magnetic observations, and came, in about a mile, to an east and 
west section line, which we followed east to the southeast corner of 
See. 7, T. 43, R. 7 W., and then turned north. The dip compass was 
but little affected, and the solar compass varied from 2° to 6° west. 
There seems to bea broad belt of feeble attraction in this locality. 
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The country is undulating, and the timber fine hard wood with patches 
of good pine. 

September 29. As it rained steadily all day, we remained in camp. 

September 30. We took the old wagon road for Greeley’s old log- 
ging camp. Sce map. At one side of this road, in the N. W. qr. of 
the S. W. qr. of Sec. 6, T. 43, R. 7, are some low ledges of green- 
stone belonging to the Copper series. Greeley’s old logging camp, on 
the south bank of the Nemakagon river, is in the N. LE. qr. of Sec. 1, 
T. 43, I. 7. 

We took our course up the river, following the old logging road to 
the range line, and thence proceeded north across the river. A 
ledge of greenstone forms the rapids in the river at this point. The 
rock belongs to the Copper series and contains nodules of delessite and 
epidote; also small bunches of pyrite and chalcopyrite. Going now 
up the river on the north side of the stream, brought us to camp; but 
we found no magnetic attraction. Starting from the west quarter- 
post of See. 8, we proceeded southeast to the south quarter-post of this 
section, passing over fine hard wood land. From thence we went due 
south a distance of eight hundred paces, to a small, irregular shaped 
Jake, which is about sixty rods in width at the widest part. Turning 
northwesterly, we went to the northwest corner of Sec. 17, having 
found no magnetic attraction. 

The timber in Sees. 8 and 17 is excellent hard wood, the land is roll- 
ing, some of the ridges are quite steep, but no outcrops could be 
found on them. Scattered over the surface are frequently scen angu- 
lar boulders belonging to the Copper series. The soil is a sandy, 
gravelly loam. 

October 1. We started this morning for the small lake near the 
center of Sec. 17, and then proceeded southeasterly to the southeast 
corner of 17. Jere we turned east and came to Nemakagon Jake, 
near the south quarter-post of Sec. 16. 

Proceeding southward along the shore of the lake, to a point six 
hundred paces south from the north line of Sec. 21 (see map), in order to 
gct around the deep bayous, which are formed by the back-water from 
the dam in the river, and again changing our course, we went east- 
erly for two miles, to a small stream, crossing the north line of See. 
23, seven hundred paces east from its northwest corner. We saw 
no outcrops of rock along the line we had traveled, but in the bed of 
the creek were many angular boulders. The drift is, apparently, very 
deep. The general aspect of the country is very similar to that of the 
Laurentian area. The timber on the south shore of the lake consists, 
chiefly, of white birch, hemlock, and some pine; and the soil is sandy. 
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Careful magnetic observations failed to detect any attraction, the 
needle remaining constantly at the zero point. Judging that the range 
must pass somewhere near our camp, we returned to near the south 
quarter-post of See. 16, watching closely our compass, but with the 
same result as before, discovering no variation, Proceeding now 
northeasterly to the smnall lake in the central portion of See. 17, and 
thence due north on a line seven hundred paces west from the east 
line of See. 17, and thence west along the north line of this section, 
we found no magnetic attractions on the lines traversed. Turning 
north and then northeasterly, we passed through See. 8 to the dain, 
and found as we approached it that the westerly variation began to 
reappear. 

October 2.. Proceeding this morning southwesterly from Chalmers’ 
camp, along a logging road, we cross the south line of See. 7, about 
midway between the quarter-post and the southwest quarter-post cor- 
ner, and pass into the northwest quarter of Sec. 18, and only a short 
distance further we enter an open spruce swamp. 

The logging road takes a more southerly direction, and the magnetic 
attraction in Sec. 7 continually diminished, until, in See. 18, it became 
practically nothing, Changing our direction to a due southwest 
course, we left the swamp near the east line of See. 13, T. 43, KR. 7, 
but continued our course until, intersecting the north and south center 
line of See. 13, we turned south to the quarter-post, which is near the 
east margin of a large cedar, tamarac swamp. Going due west from 
the quarter-post, we find the swamp to extend for nearly a mile in this 
direction. After leaving it, we passed thronch the northerly part of 
an extensive wind-fall, grown over with hazel bushes. It has a west 
and southwest direction. We found the southwest corner of Sec. 14 
situated on the edge of pine barrens, many miles in extent to the west- 
ward. We found no magnetic attractions along the lines, but at the 
corner the solar compass gave a variation of 4° west, and on turning 
north on the section line, this variation increased, becoming 7° west, 
at two hundred and fifty paces further north, and also giving a pos- 
itive dip of 15°. One hundred paces west from this point is Pendle- 
ton’s camp, now occupied by W. H. Chalmers. Learning of some 
ledges of rock on the river, at a point about twe miles to the west, we 
concluded to visit the locality, and accordingly proceeded northwest- 
erly in this direction for about one-fourth of a mile, to the main supply 
road, and thence along this road southwesterly and westerly, making 
constantly magnetic observations with the solar compass and dipping 
needle. The country is chiefly pine barrens, with occasional patches 
of pine, which was cut over a few years ago. The soil is sandy and 
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the surface moderately rolling. "We meandered the road as well as we 
were able, considering the many bends. See map. The solar compass 
needle varied from 2° to 7° west, and the dipping needle, along the 
main supply road, did not give a dip exceeding 5°. The waters of the 
small streams which cross the road are cool and pure as spring water. 
In the northwest quarter of Sec. 21, T. 43, I. 7, the road crosses the 
Nemakagon river, on the north bank of which are the ruins of an old 
logging camp, and northwesterly from the camp are some ledges of 
diabase, which I think belong to the Copper serics. 

There are no magnetic attractions over these rocks, but on being 
pulverized, some small particles adhere to the magnet. We re- 
turned to the bridge, and crossing to the south side of the river pro- 
ceeded to where were to be seen some white patches of rock, which 
proved to be granite. These ledges are low and the bedding planes are 
much contorted. The average strike is east and west. The color is 
reddish and light gray, and has a medium grained texture. The three 
essential minerals, the feldspar, quartz and mica, are plainly visi- 
ble. The mica (biotite) occurs in black bunches and narrow seams. 
Under the microscope, plain and striated feldspar may be seen; the 
former, however, is in excess of the latter. The biotite is dark brown 
and very strongly dichroitic, while the quartz grains are angular and 
irregular in shape, and contain fluid inclusions, but no salt cubes can 
be detected. South of this locality, and a little to the east, is a very 
prominent hill, about three hundred feet high. It now being late, we 
retraced our steps to the logging camp, and examined, in the north- 
west quarter of Sec. 22, a high, steep ridge, but found no onterops 
upon it, or any magnetic attraction. 

October 3. Proceeding this morning to near the center of the N. W. 
qr. of Sec. 21, and thence going south along an old logging road to 
near the south line of the section, we turned southeasterly to the high 
hill already mentioned. Jeaching its summit, we followed on its 
ridge northerly to the low granite ledges above mentioned. The ridge 
is timbered with hard wood, and the soil is a sandy, gravelly loam. 
The negative attractions observed along the supply road extend only 
a short distance to the south. 

The country to the north of this range is rolling, resembling in its 
topography the Laurentian area. We were hopeful of finding out- 
crops or ledges of rocks among these ranges of hills, but failed. The 
drift is apparently deep. My impression now is that these granite 
ledges belong to the Laurentian; and that the Huronian series has so 
flattened in the dip that the Copper series and Laurentian are brought 
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into direct contact, and the lower ITuronian, thereby, covered by the 
Copper rocks. 

What leads me to this conclusion is that the belt of magnetic attrac- 
tions, after leaving Nemakagon lake, seemed to widen and become 
less definite in its nature, as if the magnetic force were deep seated. 
Another fact worthy of mention is that all the float pieces of rock 
we saw west of the lake belonged to the Copper series. 


NOTE. — The question is often asked, ‘What do you think of the Penokee iron 
range ?"' This query, though apparently simple, is not an easy one to answer. Only 
yesterday (July 8, IS79) Twas talking with some parties exploring east of the Penokee 
Gap, in the interest of the Wisconsin Central Railroad, They were now, after several 
months’ explorations, well satisfied that there was nothing of value in the lower iron belts, 
but they had confidence of finding the true iron ore belt further to the north; that is, 
higher up in the iron-bearing series, where it really belongs. I truly believe that good 
iron ore exists in the Penokee iron range, and that it wil! eventually be discovered. How 
soon, will depend somewhat on the amount of attention those attractive and deceptive 
lower iron ore belts reccive from future explorers, If explorers will oly profit by the 
experience of those who have ‘‘ gone before them,’” and examine the ground tothe north 
of these worse than worthless lean ore belts, they will, in my opinion, finally meet with 
success. 
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INTRODUCTION, 


The area of the region, here called the Western Lake Superior Dis- 
trict, is about 1,500 square miles. This region oeeupies the extreme 
northwestern part of the state, and is bounded as follows: On the 
north by Lake Superior; onthe east by the range line between town- 
ships 5 and 6 W,, to the N. E. corner of T. 48, R.6 W.; onthe south- 
east by a line passing diagonally across the townships from the N. E. 
corner of T. 48, 2. 6 W., tothe S. W. corner of T. 45, 2.9 W.; on the 
south by the line between townships 44 and 45; on the west by the 
state line; and on the northwest by the St. Louis river. This is the 
district which was assigned to me in the spring of 1877, and, while 
my report will cover much of the country adjacent to this, it is not 
intended to present anything like a complete presentation of the geol- 
ogy of these additional areas. The country immediately to the south 
of the district has been included upon the suggestion of Professor 
Chamberlin, the chief geologist, who has recently requested me to 
extend the limits of my report sufficiently to cover all of the south- 
ward dipping formations. While it gives me great pleasure to com- 
ply with this request, so far as my observations have extended, it 
must be remembered that this area was very carefully surveyed by the 
late Mr. Moses Strong, and has been quite superticially examined by 
myself. 

A small area, also, outside the district, has been mapped and re- 
ferred to, consisting of the silicious and chlorite slates, found along 
the St. Louis river in the vicinity of Thompson, Minnesota. The 
geological bearing, which, it is assumed, they have upon the subject 
of the Lake Superior synclinal, is thought to be a sufficient excuse 
for alluding to them inthis report. 

In all, no more than two months’ time has been devoted to the 
field-work in the entire district. To one who is accustomed to the 
Lake Superior forests, it is needless to remark that this limited time 
has not permitted of a very minute investigation of so large an area 
as 1,500 square miles. Nevertheless, it ‘s believed that all of the 
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prominent geological features of the district have been obtained 
except perhaps some of the glacial drift features. 

Extra time was given to special localities, and areas, learned from 
good authority to be entirely covered with drift, were neglected. 

To those who, perhaps, have never seen a great unbroken forest, it 
may be interesting to add that it is impossible to travel at any time of 
the year, in any considerable portion of the district, except on foot, 
and that all of my traveling was done in this manner. Provisions 
enough for two or three weeks, all instruments, camp equipage, and 
specimens were carried by myself, and by my men. In addition to 
the ordinary hardships of traveling in an uninhabited region, the 
Lake Superior country presents the difficulty of exceedingly few 
roads or trails. The explorer is subject to the incessant annoyances 
of having to clamber over the trunks of fallen trees, or to grope his 
way through dense thickets of underbrush, or wade through nearly 
impassable swamps of cedar. In following streams, or passing from 
point to point through the forest, even where there are no special ex- 
aminations to make and consume one’s time, it 1s impracticable to 
travel at a greater rate than one mile per hour. I have worked hard 
and made less than six miles per day. When the difficulties accom- 
panying the exploration of the district under consideration are un- 
derstood, it will be realized that the field work has been accomplished 
with no slight bodily labor. At certain seasons of the year the re- 
gion is infested with countless myriads of flies and mosquitoes, which 
continually attack the explorer at all times of the day and night, ren- 
dering existence a misery. “Fly time” lasts from the first of June 
until about the middle of August. 

This report is the outgrowth of two expeditions made into the dis- 
trict for the purpose of doing detailed work; and of one reconnois- 
sance. The first expedition was undertaken in September and Octo- 
ber, 1873, under instructions from the Jate Dr. I. A. Lapham. IIe 
directed me to organize a party at Supcrior City, for the exploration 
of the Douglas County Copper Range, so far as possible during one 
month’s time. I employed two men; one as cook and packer, and the 
other as packer, and spent nearly one month in tracing the northern 
boundary of the range, making sections, visiting the various abandoned 
mining locations, and collecting specimens. The second expedition 
occupied portions of April and May, 1877, under authority from Prof. 
T. C. Chamberlin. For this expedition I employed one man only, as 
packer, and examined a very much larger area than in 1873. An at- 
tempt was made to trace the Douglas County Copper Range into 
Bayfield county. Localities in Douglas county were revisited, and 
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points previously in doubt settled. Some of the slates along the St. 
Louis river were hastily examined, and a general survey of the whole 
district was made. Numerous streams were followed from source to 
mouth, The main fact established by the expedition is, that Bayfield 
eounty and Douglas county, south of the range, are almost entirely 
covered with vast accumulations of drift. 

During the autumn of 1875, I made an extensive reconnoissance of 
the northern part of the state, in company with Dr. O. W. Wight, 
then state geologist. From Stillwater, Minnesota, we ascended the 
St. Croix river to the mouth of the Eau Claire, from which point we 
traveled across the country to Dayfield, thus traversing a portion of 
the area under consideration. The notes obtained during this portion 
of the reconnoissance constitute nearly all of the information which I 
have obtained in regard to the country to the immediate south of the 
Western Lake Supcrior district. They are quite meagre, as a few days 
only were occupied by the reconnoissance in this part of the state. 

Previous geological ecamination of the district. The only geo- 
logical examinations ever made in the district previous to those of the 
present survey, were by members of the corps under Dr. D. D. Owen, 
in 1847-8. The published results of these examinations are 80 ex- 
ceedingly limited that they scarcely deserve mention in this place. 
One or two pages! are taken up by Dr. Norwood in summing up the 
results of his hasty examination of the Nemadji and black rivers. 
Col. Whittlesey somewhere refers to the Aminicon falls in a few 
sentences. Poplar river is described by Dr. Norwood in three sen- 
tences. The Brule river is several times incidentally referred to by 
different members of the survey. Dy far the most elaborate descrip- 
tion of the Brulé, with geological observations upon the adjacent 
country, is by Dr. Owen himself. It was not published in the final 
report of the survey, but is contained in executive document No. 57, 
submitted to congress June 21, 1848. Dr. Owen and his assistants 
labored under the impression that the cupriferous rocks of the Lake 
Superior country were of more recent age than the accompanying 
sandstones of the region; an impression easily obtained, and quite 
natural, if their observations had been limited to the area now em- 
braced in Douglas county, for wherever the formations meet, the sand- 
stones are apparently so badly crushed and tilted that one readily ob- 
tains the idea, upon hasty examination, that they have been forced 
asunder by the eruption of igneous rocks. 

Of the arrangement of the report very little need be said. It has 
been divided into three chapters. In the first chapter, under the sub- 
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ject of “Surface Features,” will be found a pretty concise description of 
the country, topography, streams, timber, soil, ete. It was thought 
advisable to make this chapter rather full, from the fact that the dis- 
trict contains very few inhabitants, in reality not a half dozen resid- 
ing three miles distant from Superior City; it is seldom visited by 
non-residents, and is an important section of the state, as to which 
reliable information can very rarely be obtained. The second chap- 
ter, upon “ Geological Formations,” is as brief as consistent with the 
complete statement of facts, together with a limited discussion of the 
geological questions to which they seem to point. In the third chap- 
ter, under the heading of “Ore Deposits and Mines,” will be found 
a history and description of the abandoned mining locations, with a 
few hints upon searching for lodes, and other matters of minor im- 
portance. 

Great difficulty has been met in determining just how far to extend 
the formations on the accompanying geological map. On the north 
the line of junction between the red sandstones and the Keweenawan 
series has been quite accurately made out. To the south of this line, 
as far as outcrops are concerned, we only know that the Keweenawan 
rocks extend some one or two miles, although there is no reasonable 
doubt that, including the south-dipping sandstones, which are clearly 
Kewcenawan, they extend under the vast accumulations of drift many 
miles to the south. I have included two outline maps in the body of 
the report, showing the general distribution of the soil, timber, and 
geological formations. 

This report has been prepared under very unfavorable conditions. 
In the first place, business relations have called me to a locality far 
distant from the centers of civilization, where much needed works of 
reference are not accessible; in fact, I have with me but few of the 
standard works which should be possessed by every student of geology. 
I especially deplore my inability at this time to make several com- 
plete chemical analyses, which I had contemplated reporting in the 
succeeding pages. Several partial analyses have been made, but with 
rouch more labor than would have been experienced in a well equipped 
laboratory. To these causes must be attributed in part, at least, many 
of the imperfections which may be found in the report. 

Tt affords me great pleasure to make the following acknowledg- 
ments for aid received and information given while in the field, or 
soon after, in the preparation of my report. Iam greatly indebted 
to Mr. Thomas Clark, Mr. James Barden and the late Mr. Thomas 
Ilogan, with a few other residents of Superior, for favors and infor- 
mation while in Douglas connty, and for information afterwards, with- 
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out which I could not have presented satisfactorily some of the most 
important features of this report. Mr. Clark aided me for nearly two 
weeks in the field, in 1873, and to his intimate knowledve of the range 
and of the locality of outcrops must be accredited much of the accu- 
racy of my work. Mr. Barden furnished me with maps and a history 
of some of the mining locations. Mr. Thomas Barden, of Ashland, 
furnished me with maps and assisted me very materially in the spring 
of INT7. To Mr. Geo. Te. Stuntz, of Duluth, the US. surveyor who 
personally subdivided most of the townships in Douglas and Bay- 
field counties, Lam obliged for a vast fund of very accurate infurma- 
tion. Mr. Wing, of Bayfield, and Mr. Vaughn, of Ashland, have also 
assisted me. Mr. Munroe, of Silverton, has aided me very greatly in 
the drawing of the cuts and plates of the following pages. But Iam 
under more especial obligations to Professor R. D. Irving, under whose 
personal instruction I first commenced the study of geology, and of 
the structure of northern Wisconsin. IIe first advanced the idea of 
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me the key to the geology of my entire district, and he also very ma- 
terially assisted mein the preparation of my report of 1573, upon 
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CHAPTER I. 


SURFACE FEATURES. 


TOPOGRAPHY. 


Along the shore of Lake Superior, to the westward of the Apostle 
Islands, and nearly as far as the mouth of the Brulé river, the reddish 
Lake Superior sandstones rise, at most places, directly from the water’s 
edge to the height of from ten to forty feet. Jluge caverns, often 
supported by columns of sandstone, and presenting various pictur- 
esqtie appearances, have been worn into the rock by the waves of thie 
lake. From the mouth of the Drulé, along the shore to Superior 
City, only banks of reddish clay are found, usually from five to thirty 
feet in height. From the lake shore the ascent is gradual for from 
five to ten miles to the south, when the foot of the “ Copper Range ” 
is reached at an altitude of from 100 to 250 feet above the Jake.! 

Above the head of this gently sloping area, the northern face of a 
range composed of rock, in the western portion of the district, and 
apparently of drift, in the eastern, suddenly rises to the height of 
from 300 to 400 feet. The northern escapement, however, is not 
found in one continuous line running across the country, but is broken 
up and presents several distinct lines of elevation, all trending nearly 
E.-N. E. and W.-S. W. The three most prominent ridges are in 
Donglas county, and, taken together, are known as the “Copper 
Range.’ For convenience, I have designated them the Aminicon, 
Middle River, and Brulé ranges. Along all of them the Keweenawan 
beds are more or less exposed, the summit often being a bare ridge of 
rock. The Aminicon Range extends from about the center of T. 46, 
R. 15 W., to the Aminicon river, in Sec. 29, T. 48, R.12 W. The 


' All altitudes in this report are referred to Lake Superior as the base. To obtain the 


altitude above Lake Michigan, add 20.5 feet; to obtain that above the sea, add 602 
feet. 
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Middle River Range appears to be topographically separated from the 
others. The distinct line of elevation extends from about See. 8, T. 
47, R. 12 W., to See. 17, T. 48, R211 W. On this range the rock 
exposures are very few in namber. The Brulé Range is again dis. 
tinct from Middle River Range, the two being separated by four or 
five miles of swampy country, at an altitude of about 275 feet. This 
range may be said to start from about See. 8, T. 47, I. 11 W., and 
end in the vicinity of Tron river, See. 10, T. 48, 2.9 W. The rock 
exposures are exceedingly limited, and I was unable to find any in 
Bayfield county. In fact, exposures are rarely met with anywhere, 
except on the very summits of the ranges, or where rivers break 
through them. In Bayfield county there is a distinct line of elevation 
extending from about the point where Iron river leaves township 48 
toashort distance north of Siskowit lake, or Sec. 9, T. 50, It. 6 W. 
From this line, the ascent southward to the dividing ridge is gradual, 
the divide passing diagonally through townships 45, 46, 47, 48, 49 
and 50, ranges 10, 9, 8, 7,6 and 5 west. 

From the summit of the range in Douglas county, the descent is 
gentle to the south for one or two miles, after which, the general 
ascent of the country is to the south to about the line connecting the 
centers of ranges 10, 11, 12, 18, 1£ and 15 west, of township 45. 
Along the two lines indicated is the general course of the “ dividing 
ridge.” It is in no sense of the term a ridge, but, in the west, is an 
extremely level country, almost impenetrable swamps covering 4 
large area both north and south of it. In the eastern part of the dis- 
trict, the general level character of the country is only interrupted by 
the great number and large size of the “ Potash Kettles ” aceompany- 
ing the morainic drift, of which more is to be said hereafter. 

The general elevation of the dividing ridge is about 600 feet, 
obtained at numerous points by barometrical measurement. We 
therefore find an average descent towards Lake Superior from the 
dividing ridge of nearly 30 fect to the mile. It is in the swamps and 
almost innumerable small lakes of this “dividing ridge,” that many 
streams and rivers head, which flow in opposite directions, and finally 
mingle their waters with the ocean at distant points. 

Altitudes. The following table of altitudes is compiled almost 
entirely from barometrical observations, taken in the spring of 1877. 
They are given as approximations only, although great confidence is 
felt that they are very close to the truth, probably in most cases within 
20 feet. The instrument used was a very accurate aneroid of Eng- 
lish manufacture. I started with it from Bayfield and reached Supe- 
rior about two weeks after, going to the shore of Lake Superior two 
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or three times while on the route. I then returned to Ashland via 
the “dividing ridge.” All observations were read in inches and hun- 
dredths, the place and time being accurately noted. Upon the com- 
pletion of my field work the reductions of the readings of the meren- 
rial barometer at the U.S. Signal Station of Duluth, for April and 
May, were kindly sent to me by the observer, Mr. T. S. Collins. 
Upon making the necessary comparisons with my own observations, 
I was surprised to find that, when a known altitude could be referred 
to, I was never more than ten or fifteen feet from the true elevation, 
and often was within five fect. This comparative accuracy was prob- 
ably mainly due to the fact that the weather was exceedingly fine, 
there being no storms, and consequently little or no local fluctuation 
in the pressure of the atmosphere. The altitudes are all referred to 
Lake Superior as zero, which is 20.205 feet above Lake Michigan, and 
602 feet above the sea. 


ELEVATIONS IN THE LAKE SUPERIOR COUNTRY. 


T. 50, R. 4 W. T.49, ROW. 
N. line Sec. 19, 2 m. west of Pike’s 393 N. F. qr. Sec. 24 ......000. eae 25 
T.50, R. 5 W. About cent. Sec. 23 .....cceecceee 232 
N. E. qr. Sec. 24, at Roath’s...... DAT S. W. qr. See. 23, Iron R..... ere 117 
N. W. qr. Sec. 28...6+6 a oiaielactent 559 | 8. line See. 15, Iron ...... iovun 99 
Tr. 50, R. 6 W. S. W. qr. Sec. 23, stream....... ee 126 
N. E. qr. Sec. 36, barrens......... 630 | T. 49, R. 14 W. 
Si path Sec, 232.5604 eencnad eats 635 | _ Sec. 36, Road, creck .........000. 53 
N. W.ar. Sec. 22, head of stream.. 432 | T. 48, R.5 W. 
Sec. 21, Siskowit lake ........0 008 445 See. 35 (7), trail... ccec ce eeeees . Ol 
N. W. cor. Sec. 13, junction of T. 48. R. 6 W. 
CPOCKS o04s38505600 6% 0ate eacivehs 189 S. W. (?) See 25... cece cece ccc cee 387 
N. line Sec. 2, Siskowit creck ..... 72 | N.E.(?) See. 21 oo... ee cee eee 530 
N. W. qr. See. 10......0ceeee eee 210 N. part Sec. 16-...... cc cece essen 540 
N. W. ar. Sec. 8... cece se cceee 175 Sec. %, Moose lake ............08. 675 
Ba Werdrepets 10 5 sane aden codvaws 279 Sec. 7, W. part St. Croix road..... G61 
T. 50, R. 7 W. T. 48, R. 7 W. 
S. W. cor. Sec. 24......0ccccccces 23 See 33 (?), St."Croix road, L....... 603 
N. and S. line, Cranberry R....... 97 Sec. 27, road, burned pines ....... n67 
N. W. ar. See. 20, Cranberry R. .. Il See. 23, barrens Oe aoe it arn ae eee ere ee a 63 t 
W. line Sec. 30, ridge.........6.. 403 Sec. 24, barrens.........c.eceeee, GA2 
T.50, R.8 W. Sec. 13, kettles ..... ccc cece ccc ee 693 
N. W. cor. Sec. 25....cceceeecees 432 | T. 48, R. 9 W. 
S. W. qr. Sec. Qt occ ceessceeseces 427 | N. W. qr. See. 2, Iron R.......... 180 
S. FE. qr. Sec. 27, Flag | | Reine eer 12 Sec. 1], forks Iron ae oe te badites: 225 
Cont: Sec: 33 a ied ieee sewte nie sile ec 300 S. line See. 15, Iron R., crossing of 
T. 49, R. 4 W. Bayfield and Superior road...... 70 
Sec. 28, N. W. cor. (2).--seeereee 180 | 8. E. cor. See. 17.............08. 37 
T. 49, R : 1g mile west......cs..cesceccsens 468 
Cees 1G nessa ota ooo enn we Rea 480 213 miles west......s.ceccccecccs 402 
T. 49, R. 6 W. T. 48, R. 10 W. 
Sec. 15, S. W. qr. (P)..-cseeeeeee 670 Creek on Sec. 12..........ccccaee 376 
T. 49, R. 8 W. S. W. Sec. 23, Brulé river ........ O49 
N. E. qr. Sec. June. of streams.... 49 About E. qr. post, Sec. 23......... 446 
S. line Sec. 11, Flag river ........ 99 Near north qr. post of Sec. 23, bare 
K. line Sec. 26, Flag river........ 193 knob of diabase...........00 05. 558 
Cént: See: 10. 6 taeienseceeerse ses 314 N. W. qr. Sec. 27, main shaft Per- 
SM COre SOCs0 5 sean eens aouens 335 cival Mine ........c.ccceee vee 450 


W. qr. post, Sec. 17....ee. eevee e. 330 E. Sce. 29, creek.......0..0c008 »» 432 


SURFACE FEATURES — ALTITUDES. 


T. 48, R11 W. 
E. qr. post Mee, pW aceck Sia be wp Gckcere’s mos 
Be bi CE Bike Goes ee eee wane ne i 
S.W. cor. — 1 ere ee rr ne 4705 
SS. qt, post Beer ob. wc cee ceca wer eee 44) 
Creek Hear Sani eco iwes aed Pea’ 44 
Sete Se oo Aa eae cseetenes ON 
So Wogr See, 32 oc cccceseeeeeees HEM 
S. line See al, Poplar Row... eee. wn 
N. dine See. shy. creck. oc. eee eee ee 16 
Cent. See. 1, Poplar Reo... eee a) 
S. dine See ES, Poplar Roo... eee. 9 | 
S. line See. DS, Middle Roo.....ee. WA) 
See. ES, mdve between Poplar and 
Mie Nhs cc eees sew ater kes « lil 
T. 48, R. 12 W.- 
N. h. cor. See, 24, river... ceccee 99 
4p mile S. June. sandstone and 
Copper Rocks, river .... eee. ]5 
Veomiles. June. sandstone and Cop- 
per Rocks, top of ledye....eeeee IN4 
See, 24, (rele ac caee beh ature 4 las we 116 
Qr. post, 8. line See, O5, river ..ee. YES 
] nile west, creek ..cccccececoeee sil 
S. line See. 343, qr. post ..... Pr me tea 
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TOPOGRAPHICAL RELATIONS. 


The topographical features of this district, like those of all other 
regions, depend, to a great extent, upon the underlying geological 
formations. The general elevations were doubtless well defined at the 
close of the Kewcenawan Period, before the Siluriati seas had com- 
menced the deposition of the great sandstone formation. 

In the western portion of the district, the Keweenawan strata lie at, 
or near, the surface, and the prominent line of elevation extending 
across Douglas county, distant from Lake Superior six to ten miles 
only, is formed by the northern edge of the southward-dipping Kewee- 
nawan rocks. To what extent these rocks affect the general altitude 
of the district, and the Bayfield peninsula, it is impossible to state, on 
account of the vast accumulation of drift in that region. It is, how- 
ever, highly probable that they form the nucleus of the peninsula and 
of the great ridge extending to the southwest from it. 

The immediate surface contours have been so remarkably modified 
by the drift, and by agencies which have been at work in post-glacial 
times, that all local surface reliefs are of comparatively modern origin. 
A great kettle range extends for many miles southwest from the Day- 
field peninsula, causing a very rough and uneven country. The “ ket- 
tles’’ or “pot holes” are, in localities, very numerous, and often from 
50 to 150 feet deep. It is often necessary in traveling amongst them, 
to very nearly describe a series of semi-circles. Another cause, pro- 
ducing a marked feature of the surface, is the rapid descent of all the 
streams flowing north, thereby allowing them to excavate deep and 
narrow valleys through the soft materials of the drift. Near the lake 
these valleys are usually from 100 to 250 feet deep, and often not 
more than one-half mile across. Terraces are sometimes found along 
the valleys, as will be hereafter shown. 
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HYDROGRAPHIC FEATURES. 


Lakes. The western end of Zuke Superior, the largest of known 
fresh water bodies, lies directly to the north of Douglas and Bayfield 
counties, Whatever may be true of the other great lakes of North 
Amcrica, it does not owe its origin entirely to glacial action. It has 
Jong since been shown that the main portion of the lake lies in the 
trough of a synelinal, which probably curves somewhat more than 
does the lake, from northeast to southwest. It was first shown by 
Professor Irving, and afterwards more completely demonstrated by 
observations in Douglas and Burnett counties, that the western end 
of the synclinal extends southwesterly into Wisconsin between the 
Bayfield and Keweenaw peninsulas. It is as yet an open question 
whether or not the western end of the lake, which lies north of Bay- 
field and Douglas counties, is entirely due to glacial action. The 
known facts at present bearing upon the question would seem to indi- 
eate that itis. We know that the region has been the theater of some 
of the most powerful glacial manifestations in all of North America. 
The Apostle Islands seem to owe their origin to glacial action, and 
there is no doubt that the red sandstones now found at the base of all 
the islands, and on the shore in Bayfield county, at one time extended 
much farther to the north. They were doubtless removed by the 
glaciers. 

In Minnesota, all that we know of the north shore of Lake Superior 
is, that along it there are in many places high cliffs of trappean rocks, 
and back of them, at some distance, slates, magnetic schists, and 
quartzose rocks. The mountains at Duluth consist in the main of a 
coarse gabbro, in many respects like that at Bladder lake, Wisconsin. 
If the Minnesota shore strata are similar to, and of the same age, as 
the Douglas county rocks, it may be Just possible that the western 
end of the lake also lies in a synelinal, the Douglas county range rep. 
resenting the axis of a great fold. This idea is thrown out as a sug- 
gestion only. 

Fluctuations in the level of Luke Superior. In the past, as will 
be shown in another chapter of this report, the lake has been subject 
to great fluctuations of level. The present annual variation in the 
altitude of the surface is quite considerable, but I have not any exact 
figures at hand. The following historical incident, however, will illus- 
trate the fact : 

At an early day in the history of Wisconsin territory, a treaty was 
made with the Indians inhabiting the country in the vicinity of the 
western end of Lake Superior, for the cession to the government of a 
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large tract of land lying east of a line running directly south from the 
foot of the first rapid found in ascending the St. Louis river, to the St. 
Croix river. This line was run by Mr. George Stuntz, I think, in 
1847. For the purpose of finding the rapid, he ascended the river 
from the bay in a canoe, and when several miles east of Fond du Lac, 
was told to commence, by the chief who accompanied him, as the In- 
dians had a distinct remembrance of rapids being at that point. Ag 
Mr. Stuntz could discover nothing of the kind, he, of course, con- 
tinned the ascent until he found them, one mile above Fond du Lac. 
Owing to exceedingly high water in Lake Superior that season, Wis- 
consin obtained an extra strip of country several milesin width. Mr. 
Stuntz has informed me that he himself has since seen rapids, in sea- 
sons of very low water in the lake, even below where they were said 
to occur by the Indians. 

The water of Lake Superior is always cold. In the body of the lake 

it never rises above the temperature of 46° Fahr. As the waters which 
flow into the lake are gathered almost entirely from Archzean areas, 
the rocks of which are, toa very slight extent only, susceptible to 
chemical action, it is found to be of great purity. In confirmation of 
this, I have only to state that in the several chemical laboratories of 
Marquette, Michigan, lake water is used entirely in lieu of distilled 
water. . 
Of the large number of Interior Lakes, in Douglas and Bayfield 
counties, by far the greatest proportion of them lie in the immediate — 
vicinity of the “ Kettle Range,” and are entirely without visible inlet 
or outlet. They are usually quite small, averaging from one to two 
acres in extent. Instances, however, are known in which they are 
several miles in extent, notably in T. 47, R. 8 W., and T. 45, Rs. 
9and10 W. The small lakes generally have steep and high banks, 
and, in places where they are numerous, appear to be of nearly the 
same altitude. Some of them are four.d on the very suinmit of the 
dividing ridge. 

The lakes with an outlet are generally found on the highest portions 
of the district, and are the sources of the various streams flowing both 
north and south. Examples of these are the Upper St. Croix lake, 
Nebagamain lake, and Aminicon lake. They are surrounded by dense 
swamps of tamarac and cedar. The streams themselves, near their 
sources, are often greatly expanded in width, and really are nothing 
but a series of small lakes. This is especially the case with the upper 
Brulé, St. Croix, and Aminicon rivers. These expansions, or lakes, 
are generally bordered by swamps. 
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Drainaze. The drainave planes of the district under discussion, 
if the inconsiderable area which drains into Chequamegon Day be 
omitted, may be said to be no more than two; a short, steep slope to 
the north, and one very slightly inclined to the south. Most of the 
streams flowing north pursue a remarkably straight course. Where 
there is an apparent exception to this rule, as is the case with the 
Lower Nemadji, it will be found that the stream Hows through an allu- 
vial bottom and has a very slight fall. Many of the small streams, 
which have a general straight course, if followed, will often be found 
to meander from side to side of the valley, compelling the traveler to 
journey two miles in order to gain a distance of one. This is invaria- 
bly the case where the current is slow or sluggish. 

A noticeable feature in the drainage of this district, common to all 
revions of tilted rocks, is that the larger streams prefer to follow the 
strike of the strata. One has only to glance at the map, and notice 
the St. Louis below Thompson, the Nemadji, and the Upper St. Croix, 
to arrive at a knowledge of the strike. The White and Marengo 
rivers, in Ashland county, exemplify the same principle. 

Another salient feature in the hydrography of the district is the 
entire absence of streams on the dividing ridge in T.’s 45, 46, 47, 48 
and 49, It.’s 10, 9, 8, 7 and 6, respectively, a region nearly 40 miles in 
length and from six to ten miles in width. It is nearly coéxtensive 
with the barrens and Kettle Range of Bayticld county. The absence 
of streains is probably due to the fact that the svil, toa great depth, 
consists of sand and fine gravel, thereby allowing the water to perco- 
late directly into the earth from the surface. Nearly all of the rivers 
which head around the margin of this high streamless area have, at or 
near their sources, numerous, and often large springs of clear, cold 
water. Near the head of the Brule, hundreds of these may be seen 
boiling up from the bottoms of the small lakes already mentioned. 
They also are fuund at the head of Iron, Flag, and other rivers. The 
origin of the springs can be readily traced to the streamless area. The 
water that falls upon the surface easily descends until it meets an ob- 
struction, in the shape of a clay bed, in the drift, or the underlying 
solid rocks, which it then follows until an outlet is found. 

In hydrographic features, the southwestern part of Douglas county 
is, in many respects, the exact opposite of those of the region just 
described. Small streams are numerous, the country is quite level, 
and wet swamp lands, almost impassable, predominate. Altogether, 
it is an entirely different looking country. 

Rivers and Creeks. The streams which flow into Lake Superior 
are nearly all of small size. With very few exceptions they are 
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short, straight and swift, containing many falls, cascades, chutes and 
rapids. 


The Saint Louis river forms the boundary between the states of Wisconsin and 
Minnesota from one mile above the village of Fond du Lac to the Bay of Superior, a 
distance of about ninetcen miles. Itis said to be the second in size of all streams 
flowing into the lake. The current is gentle, and the channel deep for a long distance 
above Knife Falls, in the western part of Sec. 14, T. 49, R. 17 W. Below the falls to 
Thompson, a distance of five miles, the stream breaks over the edges of tilted slates, 
nearly at right angies to their strike. At Thompson the course of the river changes from 
south to nearly east, and follows approximately the strike of the siliceous and chloritic 
slates, a distance of seven or cight miles. Along this portion of the stream and for 
several miles above Thompson, the scenery is wild and grand in the extreme. Caiions, 
falls, and rapids succeed each other with remarkable rapidity. In high water the rapids 
in some places suggest a quite favorable comparison with those of the Niagara river 
above the falls. 

From the northwest corner of Wisconsin, near Fond du Lac, the current is slow, the 
river broad in places, and of sufficient depth to admit of navigation by the smaller class 
of vessels plying upon Lake Superior. Numerous islands occur in the stream, some of 
which are heavily timbered. Rich alluvial bottoms extend into the country from the 
south side of the stream for several miles. On the north side, from Fond du Lac to 
Oneota, at varying distances from the river, there are horizontal red sandstones rising in 
hills to the height of over 250 feet above the lake. At, and north of Duluth, high hills 
are found, made up of from very coarse to fine-grained rocks, which I refer to the 
Keweenawan system. In Wisconsin, the only rocks exposed in the bank of the stream 
are red sanistones in the immediate northwest corner of the state. 

Three small streams enter the St Louis river from Wisconsin, the Pokegama, Little 
Pokegama, and Lord’s creck. They all flow parallel tothe Nemadji, but make an abrupt 
turn and enter the St. Louis. The Pokegama, for a distance of 20 miles, flows parallel 
to and within two miles of the Nemadji river, and when within one-half mile of that 
stream makes a shazp bend and enters the St. Louis river through Pokegama bay. 

The Nemadji, or Left Hand river, gathers its waters from numerous small streams 
in the eastern part of Carlton county, Minnesota, and from others in Douglas county, 
Wisconsin. The main stream enters Douglas county nine miles south from Fond du 
Lac, flows a northeasterly course, and reaches the bay of Superior through ‘‘ Lower- 
town,” opposite the *‘ Entry "’ from the lake. The mouth of the river is 165 feet wide 
and of sutticient depth to allow vessels of large size to ascend nearly a mile. The cur- 
rent of the stream throughout its whole course is slow, there being no rapids or falls 
except very inconsiderable ones on the N. E. quarter, Sec. 27, T. 48, R. 14 W., formed 
by a low ledge of sandstone. These rapids can easily be ascended with a canoe or row- 
boat. For about 15 miles farther up, the stream has a wilth of from twenty to thirty 
yards, and a depth of from three to ten feet. Banks of red marly clay arise from the 
river to the height of five or ten fect. To the north the country is low and level; on 
the south rolling and hilly, until the foot of the ‘‘ Copper Range ”’ is reached. 

The Nemadji (pronounced by the Indians Ne-muj-i-ti-gue-ag) has two important 
tributaries entering from the south, Black river and Copper creek. Both cross the 
Aminicon range, passing it in falls and rapids, one an:l one-half miles apart. 

Black river has its source in a small lake lying partially in Minnesota and partially 
in Wisconsin. It flows a northerly course, and enters the Nemadji eight miles south of 
Superior City. For a great portion of its length it passes through tamarac and cedar 
awamps, containing much fallen and decaying timber. This would readily be suspected 
from the character of the water, for although it contains no sediment, it is, especially in 
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the fall of the year, of nearly inky blackness, and has a shght astringent taste. This 's 
doubtless due to the presence of organic matter, derived from fallen: leaves and timber, 

From three to five miles south of the Copper Range, Black river is a stream ten or 
twelve yards in width, and from one to three feet deep. ‘The current is slow, and the 
channel contains numerous boulders of sandstone, as well as of Keweenawan eruptive 
rocks. The valley is from fifty yards to one-fourth mile wide, with clay banks upon 
either side from twenty to fifty feet high. On approaching the range the valley be- 
comes very narrow and the boulders much more numerous, On the southeast quarter 
of Sec. 28, T. 47, R. 14 W., is the most southern exposure of the Keweenawan strata 
noticed along the stream. Three hundred feet below here, one of the hard layers of this 
series crosses the river, trending northeast and southwest. Over it, the water descends 
Ina perpendicular fall of thirty-one feet. Dr. Norwood! thus described this fall thirty 
years ago, and [can give no more faithful description now. ‘The river,"’ said he, ‘18 
about forty feet wide, and falls into a circular basin, about sixty feet in'diameter; alarge 
miss of rock on the brink of the precipice, midway the river, divides the water into two 
chutes, and adds greatly to the picturesque appearance of the fall." By the windings 
of the stream the next mile and a half of the river is made up of low falls and rapids, 
with short intervening spaces of smooth water. 

In following down the river the sonnd from the upper fall can still be distinctly heard, 
when the dull roar from the lower falls is first discerned. These are on the southeas: 
quarter of Sec. 21, T. 47, R. 14 W. The descent of the river here, in a horizontal dis- 
tance of not more than fifty yards, is 160 feet. This includes the rapids at the head of 
the falls, the great chute of over 149 feet down an inclination of about “0°, and a low fall 
of fifty or sixty feet from the foot of the chute. Plate NAXIT isan excellent representa- 
tion of the falls, reproduced from a photograph. As there had been many wice!y vary- 
ing estimates of the height of the falls, and, moreover, as upon my first visit to the 
locality I had a very inaccurate aneroid, [ caused a line of levels to be run by Mr. Clark, 
of Supenor, for the purpose of accurately obtaining their altitude. He found it to be, 
between the points already mentioned, a few tenths over 160 feet. 

From the foot of the falls the river passes for nearly a mile through a gorge or cajsion 
from 1C0 to 170 feet deep. The sandstone walls of the lower cafion soon become less 
elevated above the stream, but the current is rapid, the valley narrow, and the clay- 
banks high tothe Nemadji river. The elevation at the head of the falls is 387 feet above 
Lake Superior, at their foot, 227 feet, and at the head of the ‘‘ Upper Fall,” over 500 
feet. This leaves approximately 300 feet descent from the head of the Upper Falls to 
the foot of the Lower Falls, a distance in a direct line of less than three-fourths of a 
mile. 

Copper creek is a small stream formed by the junction of two branches, one and one- 
half miles southeast from Black river falls. Its course is rapid for the entire length, 
which 1s only five or six miles. On the south branch or fork, about one hundred yards 
above its junction with the east fork, there is a beautiful fall of nearly twenty fect, formed 
by two perpendicular cascades, which are separated by only a few feet of rock, the lower 
one dropping into an oval basin about twenty feet across. The water of the stream is 
clear, cold and transparent, and abounds with brook trout. For the distance of one- 
half mile below the fall, the creck passes, in a series of rapids, through a cafion worn 
first in the eruptive Keweenawan rocks, and afterwards in horizontal sandstone, the 
nearly vertical walls of which are from twenty to one hundred feet in height. 

Blaff and Bear creeks are two small streams. having their sources on the north 
slope of the Copper Range, near the ‘‘ Wisconsin Mine.’’ Both pass through fertile 
meadows in the vicinity of Sup rior City, and enter the Bay of Allouez two and three 
miles, respectively, southeast from the mouth of the Nemadji river. 


1Owen's Geological Survey of Wisconsin, Lowa and Minnesota, 
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The rivers and streams already mentioned empty into the Bay of Superior and the 
Bay of Allouez, and naturally seek Lake Superior through the ‘‘ entry ” between Wis- 
consin and Minnesota Points. However, a large proportion of the water flowing into 
Superior Bay does not now find its natural outlet, for the Duluth authorities have caused 
a canal to be cut across the northern end of Minnesota Point, for the purpose of allow- 
ing vessels to enter the ‘‘ Inner Harbor ”’ of the Bay of Superior directly from the lake. 
This canal has a width of 250, and a depth of 16 feet. Asastrong current is continually 
passing through it into the lake, from the bay, it materially injures the harbor at Supe- 
rior, seven miles down the bay, by directly lowering the water in the whole bay, and 
incidentally causing a filling up of the old channel through Superior harbor with a silt 
of fine sand and alluvium, brought down from the high lands by the streams. The 
deposition of the silt, etc., is very rapid indeed, and is caused by the greatly diminished 
velocity of the current in the old channel. I think it perfectly safe to predict that, if 
the waters of the bay are allowed to discharge at the present rate throuczh the canal, it 
will eventually cause an entire closing up of the “entry,” if nct the filling up of the 
whole lower portion of the bay. 

Mr. W. H. Newton was appointed by Governor Washburn, in the fall of 1872, an 
agent to make a special survey of Superior harbor. In his report he says: ‘‘ Forty- 
three one-hundredths of the entire water flowing into Superior Bay * * * is directed 
to the Duluth canal."’ In summing up the results of his survey, Mr. Newton says: 
‘‘The survey shows, Ist. A lowering of the water in the bay below any recorded mean 
year’s elevation of nearly one foot. 2.1. The bottom of the bay has been lowered a 
mean depth of 1 33-100 feet. The main channel has decreased in depth towards the 
entry, and increased in depth towards Conner’s Point. The whole surface of the bot- 
tom has materially changed, and now there is much deeper water from Conner’s Point 
to the Duluth canal than in 1861. 3d. A well defined change in the shore, indicating 
an abrasion below the surface of the water on Minnesota Point on the lake side, that, 
if continued, will sooner or later make a breach in the narrow portions of the point.” 

The Aminicon, or Spawn river, rises at Aminicon lake, five miles southeast of 
Black River Falls, flows a northerly course, and enters the lake nine miles east of Supe- 
rior. Upon the upper waters of the stream there are several tracts of fine pine forest, 
as well as numerous swamps of cedar, spruce and tamarac. In descending the stream, 
the first rapids found, except very inconsiderable ones, are on See. 5, T. 47, R. 12 W., 
where porphyritic rocks were observed in situ. Above here, for six or eight miles, the 
stream has an average width of fifty feet, and the current is tolerably smooth, there 
being but few boulders in the stream. From the head of the rapids just indicated, the 
water dashes through chutes and down cliffs for a distance of nearly three miles to the 
northern part of Sec. 29, where there is a perpendicular fall of about 40 feet just above 
the junction of the Keweenawan eruptive rocks and the Lake Superior sandstone. From 
one-fourth mile above the fall to its head, the descent is about 100 fect. The stream 
divides a short distance above the sandstone, so there are really two falls; the branches 
however, soon unite, having formed a small island, one hundred or one hundred and 
twenty yards in diameter. From the fall the stream passes for a short distance through 
a gorge with sandstone walls, and then emerges into a narrow valley with clay banks. 
The descent is gradual from the falls to Lake Superior. 

Middle river has been very little éxplored. It has its source in the great swamps 
to the south of the Copper Range, through which it flows a northeasterly course. Ex- 
posures were observed only on the south line of Sec. 35, T. 48, R. 12 W., and on See. 
94 of the same township. At the latter point is the junction of the sandstones with the . 
Keweenawan rocks. The exposures are on the left side of the river only. There are no 
rapids or falls which might not easily be descended during high water with a canoe, 
although the current is swift, and boullers, in places, numerous. 


SURFACE FEATURES. o2k 


Poplar river, six or cih! miles from its mouth, is a stream fifteen or twenty yards 
across, and is about the sizt of Mid We river. The stream was carefully followed from 
See. 6, T. 47, R. 11 W., a distinc) of eight or nine miles to the north, and no rocks in 
place were found. It is a very mpid stream, and contains numerous boulders in its - 
channel. The fallen timber and dense underbrush along its bunks form a perfect 
jungle. 

The Brule river is the larg:st and longest stream: wholly within the district. The 
river has been very accurately described by Dr. Owen, as heretofore stated. It was 
also described by Mr. Frank Ives, whose manuscript report, submitted to Dr. Lapham 
in 1574, is at present in my possession, Facts have been taken from both reports, in 
order to complete the description, as 1 have followed the stream but about half its 
length. The heal of the Brule is less than two miles from the Upper St. Croix lake. 
Several small spring branches unite with the main channel in the northern part of T. 
45, R. 11 W., and the exceedingly slugyish stream winds through dense cedar, tamarae 
and alder swamps, for a distance of eight or ten miles, to the dalles of the Brulé on 
See. 15, T. 46, R. 10 We. About four or five miles above the dalles on See. 30, com- 
mence the Upper Spring lakes. These lakes extend to within a mile of the dalles, 
and are usually merely former channels of the river. There are somewhat more than 
a dozen of them, each covering from three acres to a quarter of an acre. They are 
usually parallel to, and on the east side of, the mainchannel. They are not often more 
than five or six fect deep, but the water is very clear, and in the bottom of most may 
be seen jets of sand and fine gravel continually boiling up, varying in size from an inch 
to five or even ten fect in diameter. In passing over the surface of some of the larger 
Jakes in a canoe, from fifty toa hundred of these springs may be counted. In these 
lakes are the breeding grounds of the vast numbers of brook trout that inhabit the 
upper waters of the Brule. I have scen them, upon a clear day, in these lakes, as thick 
as minnows in acommon pond. The bottom of the stream above these lakes, and of the 
much larger lakes immediately below them, contain a deep, loose black mud, filled with 
insects and worms, the favorite food of the trout. It has been aptly said that this is 
the angler’s paradise. One may capture in a short time all that he can carry. Joseph 
Gheen, a half-breed Indian, has recently built a cabin upon Sec. 21, near the lakes, 
from which point he takes the fish during the winter months to Duluth and Ashland. 
About a mile below the Spring lakes, swift rapids are found about two hundred yards 
in length, and near the termination the river is only seven or eight yards wide. The 
fall of the river here is about fifteen feet, and the place is known as the Dalles of the 
brulé. The banks are of clay and boulders only, and seven or eight feet high. 

At the foot of these rapids is the third Pucwagawong (Chippewa Indian —a place 
where reeds or flags grow) or Flag lake. It is only 250 yards in length and perhape 
150 ip width. From the foot of the third to the head of the second Flag lake there 
are rapids of not more than a hundred yards in length. The latter lake is a mile in 
length and from two to four hundred yards in width, with a depth of three or four feet. 
The bottom is very muddy, and it 1s said that during the summer. reeds, grasses and 
moss form an almost complete mat over the surface of the water. Descending a rapid 
of 150 yerds in length from the second Flag lake, the first Pucwagawong lake is en- 
tered, of about the same size as the second, except that it is nearly twice as deep. 
Cedar swamps surround these lakes, and the banks are lined with boulders, which are 
also often seen in the lakes projecting above the surface of the water. From the foot of 
the first Flag Jake, about the north line of Sec. 3, T. 45, R. 10 W., there area number of 
rapids separated by short intervening bodies of slow water, to Sec. 23, T. 47, R. 10 W 
Just above the foot of these‘ upper rapids,” the Brul? receives its most important trib- 
utary, in the northern part of Sec. 27. The Nebagamain is the outlet of a lake by the 
sanie name. It is asmall, swift stream not over fifteen or twenty feet across. The 
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valley is narrow, and from 75 to 150 feet deep. Numerous boulders are seen m the 
banks but no rock in place. 

From the foot of the upper rapids there is slack water for ten or twelve miles by the 
river, to the heact of the lower rapids, near the south line of Sec. 26, T. 48, R. 10 W. 
From here the river may be said to be one continuous rapid, to within one and a half miles 
of Lake Superior. At first, for about three miles, to the south line of Sec. 15, the rapids 
are over Keweenawan eruptive rocks, and afterwards over sandstone. The fall from the 
first sandstone in See. 15 to the lake is about 200 fect. There are upwards of one hun- 
dred falls and rapids from here to the lake, but none of them have a perpendicular de- 
scent of more than four or five feet. At the head of each the water, from a compara- 
tively quiet pool, leaps over the escarpment and glides quictly along over the smooth, 
clean sandstone to the next stair, falling in some instances over twenty or more such 
steps before it reaches the slack water at the head of the next fall. 

The Brulé has no distinct ‘‘ bottom-lands’’ from its source to its mouth. The stream 
follows a valley of its own excavation, from one hundred .to two hundred feet deep, its 
entire length. From its head, to the head of the upper rapids, this valley is in places 
two or three miles broad, and is now occupied by swamps thickly grown up with white 
cedar, tamarac and alder. Below the upper rapids the valley is quite narrow, the clay 
and gravel banks, like escarpments of rocks, form bold and high shores, retreating a few 
fect, or rods, here and there at a bend or where a dry ravine extends into the uplands. 
Nor has the river more than a single important tributary. It drains, for so long and 
large a stream, an exceedingly limited area. The great springs adjacent to the barrens, 
and near its source, provide its main supply of water. 

Iron river has many branches, nearly all of which originate along the base of the 
northwestern flank of the high land. There are many smull springs at the heads of 
these streams, and the valleys are all deep and narrow. Occasionally there are swamps 
of a few acres in extent, along the larger branches, but usually the high lands come up 
on either side within a few rods of the stream. In sections 22 and 23, T. 49, R. 9. W., 
the main branches of Iron river are only from one-eighth to one-fourth mile from the 
main stream, and yet are separated from it by ridges from 75 to 125 feet in height. 
From the source to the mouth of Iron river, is almost one continuous rapid. There are 
no falls until within two or three miles of the lake, when red sandstone, the first rock 
in situ, is found. In many places the channel is badly blocked up with fallen timber. 

Flag river also heads along the flank of the moraine. Its valley is deep but some- 
what wider and more swampy than that of Iron river. There are no rock exposures 
along this stream. 

Cranberry river is about twenty-five fect wide for a distance of three or four miles 
above its mouth. The current of the lower part of the stream is gentle, and the valley 
is broad. Thesmall branches of the river are swift flowing streams, the largest of them 
having a fall of between 200 and 300 feet, in a distance of only two or three miles. 

Siskowit creek is a small stream, heading at Siskowit lake and in the swamps of 
the vicinity, in ‘I. 50, R.6 W. It flows through a deep and narrow valley, heavily tim- 
bered to the water’sedge. There are falls and rapids over the red sandstone from about 
three miles above Siskowit bay. 

The rivers and streams already mentioned flow into Lake Superior. They are gener- 
ally small, short and swift, and each has cut a tolerably straight and deep valley through 
the drift from its source to its mouth. They all pass through portions of the dense for- 
est, which everywhere borders the south shore of Lake Superior. 

St. Croix river heads in the Upper St. Croix lake, in T. 45, Rs. 11 and 12 W., 
and is tributary to the Mississippi. For the first few miles of its course, it is a rather 
rapid stream, the channel containing numerous boulders of granite, gneiss and Kewee- 
nawan eruptive rocks. From the mouth of Ox creek to Chase's dam, in Sec. 36, T. 44, R. 
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11 W., the current is very sluggish and quite deep, passing over a loose blackish accli- 
ment, and winding through a long swamp of cedar and tamarac. ‘The linits of the 
swamp are usually less than a mile on erther side of the channel, and in consequence of 
fires and the rise of water caused by Chase's dam, the former tamarac and cedar trees 
now stand as bare and blackened poles. From Chase’s dain for something over twenty 
miles, the river very nearly follows the strike ot the southward dipping reddish Kewee- 
nawan sandstones, which frequently crop out along the banks, and in the channel, form- 
ing swift and dangerous rapids. 

It is only necessary to niention two of the tributaries of the St. Croix, the Hau Claire 
and Moose rirers. The Fau Claire is a small and gently flowing stream, issuing from 
the Eau Claire lakes. It has no tributaries, but passes from the lower lake, a distance 
of almost twelve miles, across the barrens to the St. Croix river. 

Moose river heads upon the dividing ridge, in T. 45, Rs, 12 and 13 W., and flows 
directly south to the St. Croix. The upper portion of the river, and its branches, flow 
through swampy bottoms, in the immediate vicinity of great pine forests. The lower 
portion of the stream is very rapid, passing over the upturned edges of the southward 


inclining Keweenawan strata. Along this portion of the stream the barrens come up 
close on the east side. 


Climate. The climate of the Lake Superior country is somewhat 
rigorous during the winter, and quite cool during the greater part of 
summer. In the vicinity of the lake shore, however, it is by no means 
so subject to sudden and great extremes of temperature as the in- 
land district, several degrees to the south. Tor at least fifteen or 
twenty miles south of the shore, the temperature is considerably mod- 
ified by the proximity of the vast body of water in Lake Superior. 
The cold winds of winter, in their long passage across the lake, which 
never freezes, are very sensibly warmed, and to some extent transfer 
their warmth to the country over which they pass. During the warm 
days of summeracool breeze usually springs up from the lake towards 
evening, and the nights are always cool. Thus the great lake, although, 
of course, to a much less extent, has an oceanic effect in equalizing 
the temperature in its vicinity. A thermometer was kept for nearly a 
year at the head of the Brulé by Mr. Ives, and from him I learn that 
the mercury at that lozality usually descends ten or fifteen degrees 
lower in winter, and rises about that much higher in summer, than at 
the United States signal station of Duluth, upon the shore of the lake. 
A study of all the meteorological observations which have been taken 
at Bay City (Ashland), Baytield, Superior and Duluth, and at present 
(1874) accessible to me, shows a mean annual temperature at the lake 
shore of about 38° Fahrenheit. The spring months show a mean tem- 
perature of 34°; summer, 62°; autumn, 40°; and winter, about 15°, 
The prevailing winds in spring and summer are from the northeast; 
in autumn and winter from the southwest. The annual rain fall and 
melted snow is about thirty-seven inches. Winter sets in about the 
last of October, and continues cold and usually clear until the first of 
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April, in ordinary seasons. In 1873 we had freezing nights in tho 
early part of September, on the Copper Range, and a heavy snow 
storm upon the third of October. The snow usually lies from three to 
four feet deep in the forest all winter. In 1877, the snow was nearly 
gone on the 10th of April, and all gone by the first of May, although 
ice was found in the swamps two or three weeks later. Maple buds 
were considerably expanded April 25th, and a week Jater the first 
flower (Itununculus) was noticed in the barrens. It may be stated, 
however, in this connection, that the spring of 1877, in this district, 
was about a month earlier than usual. 

On the south slope, in the vicinity of the Upper St. Croix, the sea- 
sons are generally two or three weeks earlier than on the north slope. 
This is partially due to the more sandy character of the soil. Straw- 
berries ripen on the south slope about the first of August; along the 
north slope and on the Apostle Islands, from the middle to the last of 
August. Very little in the line of agriculture has been accomplished 
in this district, but enough has been done to demonstrate the adapta- 
bility of the staple cereals, wheat, oats, rye and barley, to the climate. 
Winter wheat especially thrives, as it iseffectually protected from the 
frosts of the winter by a deep but light coating of snow. In the few 
trials as yet made with this grain, from forty to sixty bushels to the 
acre have been realized. Theclimate and soil appear to be well adapted 
to the growth of the potato. Large crops of the finest potatoes that I 
have ever tasted are raised at Superior City. There are but three or 
four farmers living in the district, and not more than 300 or 500 acres 
have been cleared for agricultural purposes in Douglas and Bayfield 
counties, having an area of upwards of 3,000 square miles. 

Soil. Within the limits of this district there may be distinguished 
four classes of soils. With one exception they owe their origin 
entirely to the drift, and mainly to the reiirrangement of the drift 
since its deposition. It is not intended to attempt a critical descrip- 
tion of the soils, nor to give the exact areas occupied by each, only to 
notice them in a general way, and to approximatcly place them. 
There is perhaps no area of equal extent in the state characterized by 
as radically different soils as this. While they often imperceptibly 
grade into each other, the main areas of the various soils can usually 
be recognized by a glance at the various classes of vegetation which 
they support. A good soil map of northern Wisconsin would very 
accurately show the distribution of timber, as may be noticed from 
an inspection of the accompanying ontline map. 


Class I. The red marly clay soil. This soil has been so excellently described by 
Professor Chamberlin, on page 193 of the second volume of the Geology of Wisconsin, 
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that it requires but a brief notice in this connection. It is the predominant, and alinost 
exclusive soil on the north slope of the district. It is usually covered with a very slight 
coating of humus or vegetable mould, which is frequently so light that a shyght scraping 
with the foot exposes the surface of the red clay, which, interstratitied with layers of 
fine sand, 18 many feet in depth. The physical propertics of this clay, so far as I have 
sbserved, are the same, whether taken from the surface, or several feet below it. Where 
it is unmixed with sand, it is very tenacious, and is exceedingly retentive of moisture, 
making a “heavy, cold" soil. Asa general rule, it contains too little sand, in the Lake 
Superior country, to give it the most desirable drainage and “lightness *’ for agricul- 
tural purposes in this latitute. It however appears to ke an excellent grass soil. In 
the eastern part of the district it is heavily timbered with hemlock and pine, and in the 
western portion with scrub pines, poplar, birch, balsam and spruce. An analysis of this 
class of soil, from near Ashland, will be found below. It is typical of the red clays, and 
was made for the survey by Mr. T. E. Bowman. 

Class If, Loamy soil. This soil is found on the summit of the Copper Range and 
a short distance to the south of it. It is also found on the high ridges to the cast of 
the range, and at places along some of the river valleys. It contains more sand and 
much more decomposed vegetable matter than the marly clay soil, and is in every way 
its superior. On the Copper Range it mainly owes its origin to the decomposition or 
wearing down of the Keweenawan eruptive rocks, while at other places the clay has 
been partially washed from the sand, often to the depth of several feet. When it is 
found in the vicinity of the large streams, it often has many of the characteristics of 
an alluvial soil. The loamy soils are timbered with a medium growth of poplar, maple, 
birch, oak and balsam. Below is given an analysia of this soil, found in Mr. Ives’ 
manuscript report. 

Class III. Sandy soil. The area occupied by this soil is known as the ‘‘ Barrens " 
of Bayfield and Douglas countics. It is nearly cotxtensive, as far as this district is con- 
cerned, with the great moraine and Kettle range, extending to the southwest from the 
Bayfield peninsula. This soil is made up, to a great depth, of light colored, rounded 
grains of quartz, frequently mixed with fine gravel. There are exceedingly few boulders 
scattered over the country occupied by this soil. It owes its origin, of course, to the 
drift. This soil is of the poorest quality. It sustains but a scant growth of stunted 
scrub pines. It contains no vegetable mould, and only here and there bears a tuft of 
grass. Fires have passed over the ‘‘ Barrens” recently, during very dry seasons, and 
destroyed in many places the little timber that formerly existed on the soil. Now 
there are areas of eicht or ten miles in length, notably along the east bank of the 
upper Brulé, upon which there are no trees or shrubs, and very little vegetation of any 
kind. These treeless areas contain no streams, and very few lakes, while the remainder 
of the sandy district, although showing no streams, has an abundance of small lakes. 
I think, however, that the scant vegetation of the ‘‘Barrens’’ is not mainly due toa 
lack of water — for the trees are no larger about the lakes than elsewhere — but to an 
insufficient supply of proper plant food in the soil. 

Class IV. Humus soil. Following the example of Professor Chamberlin,’ J 
include under this head only the swamp soils, or those which are composed largely of 
decomposed vegetable matter. Nearly the whole of the southwestern part of the dis- 
trict is occupied by the humus soil. This soil varies in depth from one to even ten or 
twenty feet, and is usually underlaid by the red marly clays. It is made upofa small ~ 
proportion of earthy matter associated with decomposed vegetable substance which has 
resulted from the decay of fallen trees, twigs and leaves, and also from the accumula- 
tion of moss with which the surfuce of the swamps is heavily coated. In some places, 
6. g., south of Superior City, for a distances of five or six miles, the surface of the coun- 


' Geology of Wisconsin, Vol. II, p. 195, 
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try partakes somewhat of the characters of a swamp. The vegetation belongs to the 
swampy class, and the soil is covered with humus and moss several inches deep, under- 
laid by redclay. Some parts of these semi-swamps are true small swamps, but in gen- 
eral, these large areas have rather a marly clay, than a humus soil. These semi- 
swamp lands are often among the best in the district for agricultural purposes. On the 
typical humus soils there is always a dense growth of white cedar, tamarac and spruce. 

The following analyses are introduced simply to show the general composition of the 
above mentioned soils. Nos. 1 and 2 are by Mr. T. E. Bowman; they were made 
simply as clay, not as soil analyses. Nos. 3 and 4 are from Mr. Ives’ manuscript re- 


port: 
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Timber. The great forest, of which the Western Lake Superior district is but a 
small part, occupies the northern half of Wisconsin, nearly the whole of Michigan, the 
northern part of Minnesota, covering the country far to the east and west of these 
states, and stretching away to the north for an unknown distance into the British pos- 
sessions. Jn Wisconsin and Michigan, the forest is exceedingly dense, and in the 
forests of these states there are at present the most considerable lumbering districts of 
the world. The pine lumber annually manufactured in Wisconsin alone exceeds one 
thousand millions of feet. Jn 1875 it was 1,097,443,681 feet.2 Notwithstanding this 
vast annual yield, there is sufficient pine lumber in Wisconsin to supply the demand for 
many years, if the tracts of pine still uncut shall be efficiently protected from the rav- 
ages of fire. It is perfectly safe to state that in Wisconsin more pine lumber is yearly 
destroyed by fire than is felled by the woodman's axe. The fires usually originate 
during the dry season, through the carelessness of explorers in leaving their camp fires. 
Sometimes they start from a fire set to burn off the dead grass from an acre or two of 
some of the ‘‘ hay meadows” in the district. The dry tops of the pine trees, which are 
allowed to remain where they fall by the lumbermen, greatly assist the spreading and 
destructiveness of the fires. Trees left standing among the fallen tops of others are 
always killed by the fires, and in the course of a year, become decayed and worm-eaten, 
and totally unfit for lumber. During the past two or three years, which have been 
unusually dry, extensive fires have swept over northern Wisconsin and devastated 
several thousand square miles of territory, and destroyed many thcusand acres of most 


1Insoluble silicates. 
2See ‘State of Wisconsin,” a pamphlet published for distribution at the Centennial Exhi- 
bition, p. 11. 
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excellent pine, By the term “ pinery,”’ or “ pine lands,’ must not be understood a 
tract erelusicely occupied by pines; in lesd, areas upon which pine, suitable for lumber, 
is the prevailing timber, are the exception rather than the rule in northern Wisconsin. 
If a tract of several hundred acres occurs in the vicinity of a stream, by which the logs 
inuy be conveniently floated down to the saw mills, sometimes a hundred or more miles 
distant, and has an averaze of one or two trees of two or three feet in diameter per 
rere, it is classed as ‘‘ pine land.’? OF course there are small areas of over a hundied 
fine lumber pine trees to the acre, bat such areas are not of frequent occurrence. 
- ~ Inthe Western Lake Superior district, we find all the classes of timb-er represented 
which are found in the above-mentioned great novthirn forest. The accompanying 
plate, which is an outline soil and timber map, will show at a glane> the gencral dis- 
tribution of the timber. It is not intended to present the details of the forestry of the 
district. The plate is upon too small a scale to represent small areas. Only the pre- 
vailing tinber upon importunt areas is designated. In the eastern part of the district, 
hemlock is the preva‘ling growth, although there are small areas of valuabl> pine lands; 
and also localities upon whieh sugar mapte is the predominating timber. The hemlock 
trees are usually from one to three fect in diam?ter, and stand quite close tozether. Red 
pine, birch, white cedar and aspen, are often found scattered among the larger hem- 
locks, As yet there have been very feeble attempts mae to utliz? either the hemlock 
bark or tunbor. = It is well known that hemlock bark is regarded as inferior to none for 
tanning purposes. But a very few cords have been shipped down the lakes to the tan- 
nenes from Bayfield and Ashland counties, where it is found in almost inexhaustible 
quantities. In the opinion of the writer, a manufactory established at Ashland or Bay- 
field, for the purpose of producing the ‘‘extract of hemlock bark," to ba shipped and 
used in tanning leather, would be a valuable investment. eer 
—— Along the lake shore in Douglas county and extending into Bayfield county, and 
reaching back as far as the Copper Ring, thre is a very dens? growth of small trees 
consisting of about equal numbers of poplar. birch, cedar and balsam. These trees are 
ordinarily less thin a foot in diam>t2r, and from twenty to eighty fect in height. Ip 
this area, large white pines are frequently found, as are also the red or Norway pines, 
and sometimes elm, basswood, spruce and tamarac. The underbrush and vast numbers 
of fallen trunks of trees, make traveling in this area extremely arduous. 

On the Copper Range, and on the high ridges to the east and south of it, the prevailing 
growth is sugar maple, black oak, birch, poplar and yellow pine. ‘These trees are gen- 
erally less than eighteen inches in diameter and are not nearly so close together as those 
farther north, Just mentioned. Scattered among them occur cedar, tamarac, balsam 
and white pine trees. To the south and southwest of the Copper Range there is a large 
tract of country occupied mainly by dense swamps of cedar and tamarac. The trees are 
small, generally being from six to ten inches in diameter, and often so close together 
that it is with great difficulty that a person can pass between them. In the swampa, 
and associated with the cedarand tamarac, are often found balsam andspruce. Between 
the swamps there are frequently narrow ridges of drift, upon which grow pine, birch and 
poplar. Several small areas of pine have been indicated upon the accompanying plate, but 
tt must not be understood that pine in each case is the prevalent growth; only that these 
areas contain valuable pine lands. North of Siskowit lake, there is some very fine pine. 
Excellent white pine is also found upon the head waters of the Nemadji river and on 
the upper waters of Moose river. Along the banks of the Upper Brulé there are nar 
cow belts of boautiful red or Norway pine. They stand on the high sandy banks of the 
river unassociated with other trees. They are from one to two feet in diameter, and 

often are perfectly straight, and without a limb for from fifty to eighty feet from the 
ground. Th:se ‘‘ Norways’’ would make very superior spar timber. 

The “ barrens" have a timber growth exclusively the:r own. The trees are either 
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scrub pines, or black-jack oaks, averaging in diameter about three or four inches and in 
height not over fifteen feet. In some places, as on the sand hills of the barrens, the 
trees are at cons:derable distances from each other, and in other places the little scrub 
pines, not over two inches in diameter, are so close together as to constitute a nearly im- 
penetrable thicket. On the sides of the barrens, and in low places, quite large groves 
of Norway pines are frequently found. 

The following list comprises all of tha tre23 and shrubs that I have noticed in the 
Western Lake Superior district. Those mark2d with an asterisk are scarce and were 
rarely observed. A complete catalogue of the trees and shrubs is not contemplated. 


LIST OF eeuak: S AND SHRUBS NOTICED IN THE DISTRICT: 


= Ses ee et a eS 


LOCALITY WHERE 


ComMON NAME. ScIENTIFIC NAME. OneEReED. 
Basswood* .....-..0+eeee0. Tilia Americana ....e.... Copper Range, Douglas Co. 
Sugar Maple ....-..eeeeees Acer Saccharinum.......+ Copper Rance, Douglas Co. 
Red Maple .......ccececee. Acer TUDFUM. caccaccacces Southwest of Siskowit lake. 
Mountain Ash*........-.6. Pyrus Americana .....0.. Flag river. 

Bunch Berry* ......-+.-0e- Cornus canadensis........ Cranberr y river. 
Kinnikinnik .......+eees0e- COrnuS SEViCER cocseceeeee Swamps, Douglas county. 
Red-osier CRU A Cornus stulonifera........ Swamps, Douglas county. 
High-bush Cranberry*. Viburnum opulus....ccees Wisconsin mine. 

Common Cranberry* ....... Vaccinium Macrocai pon ..| Swamps, Aminicon river, 
Blueberry .. 22-206 ccceecees Vaccinium Pennsyleanicum| Barrens (very common). 
Blueberry (Huckleberr ue Vaccinium canadense...... tas Moose lake. 
Huckleberry*.......2.06- .-| Vaccinium corymbosum ...| Moose lake. 

Black Ash*¥:sceassss<chawes Frazxinus Sambucifolia. . ee of Aminicon river. 
Moose-wood ......-.seee ..| Dirca palustris...........| Copper Range. 

Crowberry* ....--6.6. ceveet Lmpelrum nigrum. .scece. Se cowit lake. 

Elm ...cecceccccescscssces| Ulums Americana........ Poplar river. 
Burr-oak*.....-.. 050 seer Quercus macrocarpo ...... Copper Range. 

Jack-oak (Scrub- -Oak) ...+0./ Quercus nigra ........06- Barrens. 

Black Oakvce os ions saaees Quercus tinctoria .......5- Copper Range, 
Hagle-nutssscavisastiasexs Corylus Americana .....6. River banks and bottoms. 
Tron-wood*® .......eeeeeee- Ostrya Virginicd ossececes Copper R.,banks of streams. 
White Birch ..........2... «| Bella aloe oss <.%408 tewe8 With heml’ ks, n'r Bayheld. 
Canoe Birch........0eeeeee Betula papyracea......... South of Copper Range. 
Yellow Birch..........006. Betula excelsa....cececess Copper Ranee, and suuth, 
Black Alder.......cceceee AINUS INCAND. cc cececccess Head of most stre ms. 
Hoary Willow*..........-. Salix candida ....cceccees Mouth of Flag river. 
American Aspen, (Poplar)..} Populus tremuloides ...... Common everywhere. 
Large-toothed Poplar ...... Populus grandidentata....| Common everywhere, 
Balin of Gilead*........... Populus candicans........ Aminicon river. 

Scrub Pine.......... ud aced Pinus banksiana...cceeees Barrens, common. 

Red Pine (N crway) deen ag wes Pinus resinOsd occccenceee Upper Brulé, common. 
Yellow Pines «i ec0s0s%s0 0 Pinus mitis ccccccceccecs Copper Range. 

White Pine ............-65 Pinus strobus ...ccecceees Head Moose. river, common. 
BalSaitieace ck te inwnceeeees Abies bulsamed......ccees Common everywhere. 
Black Spruce......... wecce| Abies NIGIE cececccccceces Siskowit lake, swamps. 
White Spruce .....-..66- we] Abies alba.... csc ccc eeeeee Swamps, south of Copper R. 
Hemlock..... ates le Aarraalars Abies canadensis .........] Eastern Bayfield county. — 
TAMATae «ca ctisies 0e8 46502 Larix Americana. occccees Swamps, common. 

Cedar (Arbor V it). cooeeee] Dhiya accidentalis........ Swamps, common. 

Ground Hemlock ..........-| Zaxus canadensis ........ Eastern Baytield county. 


~ Game. There is very little wild game in the d'strict. In places the Virginia deer 
are quite plenty. Moose are also occasionally found. There are also a very few 
gray wolves, lynxes, wolverines and brown bears. Porcupines, woodchucks and red 
squirrels are quite frequently seen, The fur-bearing animals, as the beaver, otter, 


ae 
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mink, fisher, and marten, although found in the district, are very rare indeed. The 
only game birds that are found in the district are the ruffled grouse or partridge, which 
is quite abundant, the spruce partridge, which 1s rather rare, and the pigeon, which is 
very seldom seen. Birds of all kinds are scarce in the Lake Superior country; indeed a 
person may sometimes in the spring or autumn travel for a day through the forest with- 
out meeting a half dozen birds, The following lst comprises all that have come under 
my observation in the district: Ruffled: grouse, spruce partridge, pigeon, robin, hermit 
thrush, black wood cock, black backed woodpecker, sap sucker, high holder, red winged 
blackbird, purple grackle, snow bird, yellow throated vireo, horned owl, screech owl, 
biue jay, mallard, wood duck. teal, fish duck, red breasted merganser, hooded mergan- 
ser, chipping sparrow, pine finch, red crossbill, common crow, raven, sparrow hawk, 
and the red tailed hawk. 
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CHAPTER II. 


GEOLOGICAL FORMATIONS. 


GENERAL GEOLOGICAL STRUCTURE OF THE DISTRICT. 


The geology of the southern shore of Lake Superior has been for 
many years a fertile theme, upon which numerous warm discussions 
and earnest controversies have taken place among geologists. The 
main points of difference of opinion have been in regard to the age of 
the several geological formations found upon or in the immediate 
vicinity of the south shore of the lake. The results recently obtained 
in northern Wisconsin, taken in connection with those previously 
reached by Brooks and Pumpelly in northern Michigan, add much to 
our knowledge, however, and give us nearly as complete a knowledge 
in regard to thestructure of northern Wisconsin as is had of any other 
portion of the state. 

The principal results of the geological researches in the above men- 
tioned districts are discussed at some lengthin Part I of this volume. 
The following is a brief summary statement of the main points bear- 
/ Ing upon the geology of our district: The whole northern portion of 
Wisconsin, to within fifteen or twenty miles of Lake Superior, on the 
northeast, and say fifty or sixty towards the northwest, is occupied by 
highly erystalline granite, gneissic and chloritic rocks, which have 
been referred to the Laurentian formation. These rocks have eom- 
monly a strike of but a few degrees north of east, and a high dip 
either to the north or south. Unconformably overlying them on the 
north are found the Z/uronian strata, consisting of silicious marbleg, 
quartzites, silicious schists, containing magnetite and specular iron 
ores, black slates and diorites, ete., in all, some 13,000 feet thick, and 
dipping constantly to the north. Overlying the Huronian strata in 
Ashland county is the Avezeenuwan system, having a thickness meas- 
ured by miles, and consisting of a great variety of rocks lithologically 
distinct, among which may be mentioned diabase, felsitie porphyry, 
melaphyr, conglomerate, sandstone and shale. The belt of country 
occupied by these rocks is locally known as the Ashland County Copper 
Range. It is a westward prolongation of the great Mineral Range of 
Keweenaw Point, upon which the most noted copper mines of the 
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world are worked. This range enters the state of Wisconsin in the 
extreme northeast corner, extends ina southwesterly direction entirely 
across the state, and enters Minnesota in a broad belt, between the 
mouth of Kettle river and Taylor's falls, although in this region it is 
mainly covered by the rocks of later formations. Along the course of 
this belt the rocks dip constantly to the north, the angle of dip de- 
creasing and the surface width increasing as the formation is traced 
westward. These northward-dipping rocks seem to form the southern 
side of a synclinal, of which the southward-dipping beds of our dis- 
trict form the northern side. The northward-dipping beds lie wholly 
without the region now under consideration, and will be found described 
in other portions of this volume. We may then pass at once to the 
consideration of the southward-dipping beds which underlie the whole 
of our district, even those portions where the horizontal sandstone is 
now the surface rock. 

In northern Wisconsin there are no southward-dipping rocks which 
ean be referred to the Wuronian. In Minnesota, however, along the 
St. Louis river, and approaching within two or three miles of the north- 
west corner of Wisconsin, there are strata, which, although at present 
not absolutely known to be Huronian, may, with very little doubt, be 
referred to that formation. Lithological characters alone, were they 
to be entirely depended upon, would assign the formation at once to 
the Ifuronian. It is made up principally of chloritie and silicions 
slates, which occasionally grade into heavily bedded quartzite. The 
slates are found along the St. Louis river from Knife falls to Greeley, 
a distance of ten or twelve miles. The general strike is about N. 85° 
E. (magnetic), and the dip, although somewhat variable, about 40° to 
the south. As but avery short time was spent in examining these 
slates, their junction with the Jteweenawan rocks was not found, but 
they apparently underlie the latter, which are found at some distance 
to the south of then. Moreover, dykes are fonnd, at various loeali- 
ties, especially along the Dalles of the St. Louis, at Thompson and at 
the “Junction,” which cut through the beds of slate and silicious 
schist, and consist of a very coarse-grained gabbro, similar to that 
lying at the base of the Keweenawan, in Ashland county, and 
largely exposed at Bladder lake. These dykes are probably simply 
veins or small branches which were thrust into, or up through, the 
slates, from the main eruptive mass, and are of contemporaneous origin 
with the Keweenawan gabbro. Further facts in regard to the slates 
of the St. Louis river will be found on a subsequent page. 

Undoubted Keweenawan rocks are found in Douglas county, twelve 
or fifteen rniles southeast from the eastern end of the St. Louis slates. 
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They extend entirely across the county, outcropping in a more or less 
broken line, and forming the well known Douglas county “ Copper 
Range.” The trend and dip of this formation, although occasionally 
quite indistinct, are nevertheless, as shown by a great number of per- 
fectly reliable observations, nearly uniform. The general strike is 
about N. 60° E. (magnetic), and the dip 36° to the south. The dip 
appears to be a little greater at the eastern than the western end of 
the range. It will be observed that the dip and strike do not differ 
materially from those of the above mentioned slates. Owing to the 
vast deposits of drift in this vicinity, the croppings of the formation 
can not be traced at most more than three or four miles in a north 
and south direction, anywhere along the entire length of the range, 
which is about thirty miles. Southward from the Copper Range for 
a distance of nearly twenty miles, the drift effectually conceals all 
underlying strata from view. On Moose river, in the northern part 
of township 44, Keweenawan rocks again make their appearance, and 
are overlaid by conglomerates and sandstone, all dipping about 18° in 
a southward direction, and trending N.55° E. On the St. Croix 
river, in townships 42, 43 and 44, there is a bed of reddish sandstone, 
which directly overlies the above mentioned conglomerates and Kewee- 
nawan strata. The entire thickness of conglomerates and sandstones 
is about 9,000 feet. The dip of the sandstones is about 14° to the 
southward, the strike being N. 65° E. (mg). These sandstones crop 
out in Minnesota on Kettle river, six miles above the falls of that 
stream.?’ In Wisconsin, they are found thirty-two miles north of 
east from the St. Croix river, in Bayfield county, on the upper waters 
of White river, again on White river, six miles south of Ashland, 
and on Bad river at Leihy’s falls, in the southern part of township 47. 
On White river, near Ashland, the exposed thickness is but a few 
hundred feet, and the dip 25° southward. On Bad river, the exposed 
bed shows a thickness of 2,000 feet, and dips 38 ° in a southerly direc- 
tion. The dip, then, of the southward inclining strata, like that of the 
northward dipping formations in northern Wisconsin, decreases in 
Jcllowing the strike from east to west. The decrease, however, is not 
so great on the north as on the south. This not only is proven from 
actual observation, but is in entire accordance with and explains the 
relative widths of the belts in northwestern Wisconsin, occupied by 
the northward and southward dipping formations. 

Lying between the Douglas county Copper Range and Lake Supe- 
rior and skirting the lake shore nearly as far as Ashland, lying at the 


1See Owen's Geol. Survey of Wisconsin, Iowa and Minnesota. 
2 Owen, in an old executive document. 


GEOLOGICAL FORMATIONS, 333 


base of the Apostle Islands, are the horizontal reddish sandstones, 
known as the Luke Superior sandstone. These occupy a narrow belt 
in the vicinity of the lake shore, are found in contact with, and are 
unconformable to, the cupriferous series of Douglas county, and the 


slates of the St. Louis river. On account of the drift they are seldom , 


or never seen, except along a few of the streams, or on the lake shore. 


After the laying down of these sandstones, which were formed, cer- | 
tainly at latest, during the early commencement of the Silurian, they . 


are not positively known to have been covered by later deposits until 
the period of the glacial drift. They were therefore subject, with the 
previous formations, for a very long space of time, to eroding influ- 
ences. 

During the period of the Glacial Drift this district was subjected 
to powerful glacial action. The deposits of clay, sand, gravel and 
boulders have a thickness of several hundred feet, and cover almost 
the entire country. There are also evidences of the former existence 
of great streams of water flowing from the melting or retreating gla- 
cier. Much additional information will be found upon this, and other 
points above referred to, under the proper subjects, in the sueceeding 
pages of this report. <A reference to Plate XAXATV of this volume 
will give a clear idea of the general geological structure of the dis- 
trict. A glance at the following table will readily serve to convey a 
detinite impression in regard to the order of the geological formations 
of the Western Lake Superior district: 


Reeent. — River, lake and swamp deposits. 
; Champlain, — Stratified, red marly clay, and sands. 
QUATERNARY. } (ygial, | — Boulders, gravel, sand and clay, 200 


to 560 feet. 


Lake Superior red sandstone, having 


Lower Sitv- J Probably a known thickness of 400 to 600 


2 
eee Potsdam. feet, and probably much greater. 

Detrital strata, consisting of con- 
and shales, mainly overlying mel- 
aphyr, ete., having a south dip 
Kerwcenaw, and maximum thickness of 9,000 

or Copper- fost. 
Bear i "9 | Eruptive strata — consisting of mela- 

ARCHZAN. Series. 


phyr, diabase, porphyry, gabbro, 
etc., having a south dip, and appar- 
ent maximum thickness of over 
36,000 feet. 
Quartzites, silicions and chioritic 
ITuronian. slates. Along.the St. Lonis river, 
many thousand feet thick. 


glomerates, breccias, sandstones 


t+, 
beges 
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The Huronian Slates of the St. Louis River. These slates, 
although without my district, and indeed beyond the limits of Wis- 
consin, are nevertheless so close to it, and so intimately connected 
geologically with the adjacent Wisconsin formations, that a complete 
understanding of the relations of the latter seems to require at least a 
hasty description. These slates are referred to the Huronian for sev- 
eral reasons, among which are the following: They apparently occupy 
the same stratigraphical relations to the Keweenawan formation as 
the undoubted Huronian in Ashland county; that is, they underlie it. 
There are numerous dykes near the slate quarries at Thompson, and 
particularly at the junction, of from ten to one hundred feet in width, 
which eut the slates, and consist of precisely the same rock as that 
found at the base of the Copper-bearing Series in Ashland county. I 
regard these dykes as small branches, or ramifications, from the main 
mass of Keweenawan gabbro. If such is the case, they of course not 
only show the slates to be more ancient, but go far towards proving 
the eruptive origin of the Keweenawan massive rocks. The slates are 
certainly older than the Lake Superior red sandstones, for half a mile 
below Greeley, conglomerate and red sandstone unconformably overlie 
them. Finally, their lithological characters are typically Turonian. 
No considerable thickness of silicious slates and quartzites is known 
in the region of the great lakes, which is referable to either the Lau- 
rentian or Keweenawan. There is very little danger of error, then, in 
assigning them to the Huronian. 

Local details. Ata small town, called Junction, on Sections 1 and 12, T. 48, R. 17 
W., the Huronian rocks are very largely exposed. Some of the layers are harder than 
others, and have resisted eroding influences much better, so that well defined ridges 
have been left from fifty to two hundred feet in width and often a mile or more in 
length. These ridges are nearly vertical on the north, but slope of with the general 
dip of the layers to the south. The rock at this place consists largely of chloritic schist, 
which frequently passes into a chloro-siliceous slate; although the slaty structure 
is not so well marked here as a couple of miles to the east. Veins of quartz, 
from a few inches to several feet in thickness, are found occasionally traversing 
the strata. The dykes of gabbro, above referred to, are mainly transverse to the 
bedding of the slates, and are nearly vertical. Their only effect on the slates 
seems to have been a slightly increased degree of contortion in the vicinity of the 
dykes. All of the slates, in fact, are much more contorted at this locality than at 
Thompson. The surface rock in the dykes is always considerably decomposed, and 
it is very difficult to obtain an unaltered specimen. Weathering changes the rock 
from a dark greenish black, coarse grained mass, to a brownish yellow, clayey material, 
which when dry crumbles readily. The slates weather rather light-colored. Thestrike 
of the formation here is N. 85° E., and the dip from 35° to 40° tothe south. The lay- 
ers are from one to five fect in thickness, but each layer is cut by a great number of fine 
joints into thin plates of slate. These joints, which form the plates of slate, always 


have the same strike as the formation, and so far as observed make an angle with the 
upper surface of the layers of from 32° to 36°. At the Junction the dip of the joints is 
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from 69° to 76° S. The following section, taken at one of the slate quarries near 
Thompson, will explain the system of bedding and jointing of all the St. Louis slates. 
At Thompeon there are many hundred acres of the Huronian strata entirely exposed. 
As at the Junction, ridges, owing to unequal weathering, are of frequent occurrence. 
Dykes of gabbro are also often seen traversing the strata. A quarter of a mile north- 
east from the depot, two slate quarries have been quite extensively worked, The sec- 
tion below was taken at the western end of the largest quarry. Here the atrike is N. 85° 
E., and dip 58° 8. The dip of the slaty joints is 88° N. At one of the quarries, about 
300 feet of the bed has heen worked, and at the other not over 75 feet. The slate here 
shows less contortion than that observed at any other place along the St. Louis, but 
it is nevertheless considerably warped, so much so as to render it unfit for anything 
except roofing slate, and that would have tu be selected with care. It was owing to this 


Fia. 1. 


SECTION AT ONE OF THE THOMPSON, MINNESOTA, SLATE QUARRIES. 
Layers of rock from 4 inches to 6 fect thick. Plates of slate from 1-16 to 1-4 inchin thickness. 


fact that the quarries were several years ago abandoned. Some of the most siliceous 
slates contain a considerable number of disseminated crystals of iron pyrites. The slates 
obtained at these quarries are quite dark colored and of medium hardness. A short 
distance both north and south of the quarries there are beds composed of lighter colored 
and more siliceous layers, which show the transverse slaty cleavage somewhat imper- 
fectly. These beds are mainly quartzite. At the rapids, near the center of Sec. 31, T. 
49, R. 16 W., which was as far as I could ascend the stream, the beds are exposed in 
heavy layers, having the same strike, dip and jointage as at the quarries. 

The dalles of the St. Louis commence one-eighth mile above the railroad bridge at 
Thompson. Just above the bridge, two small islands cut the stream into three chan- 
nels during high water, which unite nearly under the bridge. At the bridge the cafion 
is only 33 feet wide, and the walls are fully 75 fect high. On these cliffs there are pot- 
holes and evidences of former channels, which prove that the gorge has been entirely 
excavated by the eroding action of running water. The rock here is lighter colored and 
more talcose than at the quarries, in consequence of which, of course, it is somewhat 
softer. It, however, preserves the same bedding and jointage as before. About one- 
half mile below Thompson, at the first rapids, the strike remains N. &5° E., but the dip is 
only 48° S., and the slaty joints dip 80° S. Several exposures below this do not show 
any unusual petrographical structure or stratigraphical characters. 

Near the center of Sec. 11, T. 48, R. 16 W., not quite two miles from the northwest 
corner of the state of Wisconsin, conglomerates begin to overlie the slates. 

The very round pebbles of the first exposure of conglomerate seen in descending the 
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stream, are principally white quartz, from one-eighth to three inches in diameter, and 
the matrix iron pyrites with a little red sand. The bed of conglomerate dips 8°, S. 15° 
E. Fifteen or twenty rods below these conglomerates, there is another ledye of nearly 
horizontal conglomerate, made up of quartz and greenish slate pebbles, cemented mainly 
by sand, and abutting against greenish chloritic slates. The slates trend nearly east 
and west aud dip about 40° S. Several small veins of white quartz traverse the slates 
just above the junction of the slates and conglomerate. There is no doubt that this 
conglomerate and all overlying the slates, was formed from the wearing down of the 
Huronian strata. The quartz pebbles came from the veins of that mineral, cutting the 
slates; the slate pebbles from the slate, and the greenish part of the matrix from the 
chloritic slates. Nearly two hundred feet from the junction of slate und conglomerate, 
there is an exposure in the bank of the river at a height of twenty feet, of a dome-like 
protrusion of slate five feet high, covered by nearly horizontal conglomerate, similar to 
that above mentioned. On the opposite, or south side of the stream, the conglomerate 
is overlaid by twenty or thirty feet of Lake Superior red sandstone. The conglomerate 
grades upward into the sandstone. On the north side of the stream, an eighth of a 
mile below this, at the last exposure of the slates, there are several outcrops of congloin- 
erate, which become much finer in descending the river, and are overlaid by greenish 
and reddish shales and red sandstone. The conglomerate dips from 5° to 10°S. It 
doubtless owes this dip to its original deposition on the inclined surfac? of the south- 
ward dipping slates. One of the last conglomerate exposures is largely made up of 
iron pyrites as the matrix. This has been prospected to some extent for gold. It is 
said that traces have been found. It is also said that the slates on the Blackhoof creek, 
in about the southwest corner of T. 48, R. 17 W., have been prospected for gold. 


THE CUPPER-BEARING SERIES. 


The rocks which are regarded as making up the Copper-bearing or 
Keweenawan Scries, consist of two classes, widely distinct in character. 
The one, including mainly the lower and oldest member of the for- 
mation, consists of eruptive diabase, melaphyr and allied rocks, show- 
ing a distinct stratification and having a thickness of many thousand 
feet. The other, and mainly younger class, includes conglomerate, 
sandstone and slate. The latter embrace a thickness on the Moose 
and St. Croix rivers of nearly 9,000 feet, including one or more thin 
beds of eruptive rock, and are conformably associated with the crys- 
talline or Keweenawan rocks. They show definitely that they origi- 
nated from the wearing down of the underlying strata, and were de- 
posited previous to the tilting of the latter. 

The eruptive rocks, with a southward dip, cover about 1,100 
square miles, in Douglas and Bayfield counties. They are separated 
from Lake Saperior by a belt of horizontal reddish sandstone, from 
five to ten miles wide. The line of junction on the north is some- 
what curved, but in the main pursues an E. N. E. course, nearly par- 
allel with the strike of the crystalline strata. At no point has the 
absolute undisturbed contact been observed. Most of the northward 
flowing streams in Douglas county, leave the crystalline area and en- 
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ter upon the sandstone district through deep gorges and in wild and 
precipitous falls. In the walls of these gorges both formations are 
usnally beautifully exposed, but the sandstone, for a distance of from 
twenty to three or four hundred feet from where we would expect to 


———— 


find the point of contact, has evidently been affected by some great. Cay ( lt a 


lateral pressure, for we find the layers broken into short lengtlis, and 9004 3 
tilted at various angles, generally to the northwest or from the line of + 


strike of the crystalline rocks. In following down the stream, the 
sandstone lavers in the walls of the gorge gradually show the effects 
of less disturbing influences, and finally assume horizontality and 
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recular bedding. On Middle river, the original lines of ee 


have been entirely obliterated, and the very argillaceous sandston 


transformed into a transverse cleaving slate, somewhat micaceous. ~ 
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Figs. 2,5 and 6 more fully explain the condition of the sandstone. heuw prs. ab 


The pressure necessary to cause this effect might have, and probably 
did, come from a slight northward movement, of the eruptive and 
deep seated strata, against the horizontal sandstones. 

That the Keweenawan eruptive rocks are bedded, in a certain sense, 
there can be no doubt. The dip and strike are very persistent, and, 
indeed, quite uniform. They can be determined at almost any local- 
ity, where the rocks are exposed, with but little difficulty. The layers 
are very seldom less than a foot or two in thickness; more often ther 
are many feet thick, and give the exposure an unstratified appearance. 
Owing to a great inequality in the hardness of the different beds, the 
softest have been eroded, and the hardest and firmest have remained: 
and now outerop in the form of bare ridges of rock. These ridge-like 
exposures are very prominent and characteristic between Black river 
falls and the Aminicon river. They appear to arise directly from 
the soil, like a great stone wall, and, at least in one or two instances, 
pass across the country for a mile or more in an alinost straight line, 
with a height of 80 or 40 feet, and a thickness of 50 to 100 feet. 
Other ridges vary in length from a few feet to a quarter of a mile or 
more. On the north, the face of each ridge is usually precipitous and 
somewhat jagged, owing to the exposure of the edge of the layers. 
The south side descends to the soil with the inclination of the bed- 
ding. Ordinarily, the dip is readily obtained, and the trend of the 
ridges is usually the strike of the formation. East of the Aminicon, 
the wall-like exposures are less prominent. 

The lithological’ characters of the eruptive rocks are subject to 


'The lithology of thes? rocks has b2en very little discussed in this report, for the 
reason that a complete suite of Douglas county specim?ns was sent in the spring of 
1877, for microscopical examination, to Prof. R. Pumpel'y, the eminent authority upon 
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considerable variation, and still are entirely distinct from all other 
rocks that occur in the region. They may all be arranged under sev- 
eral groups in one great class. So far as I have determined, they 
are all basic; that is, they are poor in silica, the content of that acid 
being nearly always less than 60, and, usually, even less than 50 per 
cent. They may all be included under the generic terin of diabase,! 
except some reddish felsitie porphyries, whose eruptive nature is a 
matter of question. By far the most common rock is a greenish, 
dark-gray diabase. Near the sandstones on the north, this rock often 
has an amyedaloidal structure. There are also beds or layers of 
amygdaloidal diabase 1,000 or 2,000 feet south of the sandstones. 
The amygdules are usually either epidote, prehnite or chlorite. A 
less common rock, but one forming massive beds, is a fine-grained, 
nearly black kind, having a marked conchoidal fracture, and differing 
much from the ordinary diabase (Pumpelly’s “ashbed type’? ). 
Coarse-grained, red-and-black-mottled basic rocks (gabbro) also occur. 
Felsitic porphyry has been seen only on Black river. 

South of the “Copper Range” of Douglas county, for a distance of 
fifteen miles, the eruptive strata are almost universally buried beneath 
the vast deposits of quaternary material, which are found nearly 
everywhere in the district. In all of this area, which is mainly cov- 
ered by swamps, I have not seen an exposure. I have been informed 
that there are about three exposures of Keweenawan crystalline rocks 
in these swamps. But as Mr. Stuntz and one or two other well in- 
formed persons, who gave me this information, were unable to place 
the outcrops nearer than the township, it seemed unadvisable to waste 
time in searching for them. Along Moose river, in the northern part 
of township 44, southward-dipping eruptive strata, overlaid by con- 
glomerates and coarse-grained sandstone, are quite largely exposed. 
The dip is 18°, and the strike N. 55° E. Other exposures are also 
found in townships 43 and 44, ranges 14 and 15 west.” Assuming that 
the Keweenawan rocks occupy the swampy area between the “ Copper 
Range” and the outcrops on Moose river, and giving them an average 
dip of 20°, which is certainly small, we find that they have a thick- 


this subject. At the time of writing, Iam unacquainted with Prof. Pumpelly’s results, 
and shall have to leave his specific names to be inserted by other hands. Everything 
given here of a lithological nature is then wholly from my own observation, except, as 
already said, the names of the rocks themselves. The eruptive rocks of this district are 
often crypto-crystalline or compact, in consequence of which it is absolutely impossible 
to always give the correct name without the use of the microscope. — E. T. 8. 

1See Prof. Pumpelly’s report, p. 29 of this volume. 

* For details in regard to these exposures, and also those at the Eau Claire lakes, see 
Mr. Strong's report. 
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nese af over 36,000 feet. This includes certainly one, and perhaps 
several, beds of sandstone. 

The only economre u/nerals as yet discovered in these rocks, in 
the Western Lake Superior district, are metallic copper and traces of 
nickel and silver. A considerable sum of money has been expended 
in mining and prospecting fur the former. Many fine specimens and 
good “prospects”? have been found, but the metal has not been dis- 
covered in sufficient quantities to constitute mining in the district a 
permanent industry. Whether or not it will be found in such quan- 
tities is another question. The gevlogical conditions are favorable 
for its occurrence. The formation doubtless covers a large area, but 
an exceedingly small fraction of it is accessible to exploration, on 
account of the heavy covering of drift. New and rich localities may 
yet be found. Jowever, we regard the expenditure of large sums of 
money in mining in the region, at present, as investments of a rather 
precarious nature. A history of the mines and other information 
upon this subject will be found in the succeeding pages. 

In regard to the age of the Copper-bearing Series, very little in addi- 
tion to the suggestions already made in the preceding sections, 
remains to be said. J} rom their relations in this district, we can only 
assert that they are more ancient than the Lake Superior red sand- 
stones, for where the latter are conglomeritic, near their base or on their 
sides, the pebbles have almost invariably been derived from the 
former. Again, where the sandstones are perfectly horizontal, and 
approach, in that condition, the dipping erystalline rocks, within 
fifteen or twenty feet, we may assume that the former unconformably 
overlie the latter. We have very good reasons, as shown above, for 
believing that the slates of the St. Louis river are Huronian, and 
underlie the Keweenawan system, with a close approach to con- 
formity. If such is the case, then, the eruptive and sedimentary, 
strata of the Keweenawan Series were formerly spread out hortizon- 
tally above the Huronian system, and “partook with them of the 
regional disturbance, at a ‘a period | previous to the deposition of the 
Lake Superior red sandstones, when all of the beds of both forma- 
tions were tilted, and the great Lake Superior synclinal formed.! 

The sandstones of the Copper-bearing Series, having a southward 
dip, overlie, in the main, the eruptive rocks, though to some extent 
interstratified with them. They are found on Moose river, in T. 44, 


'1See Prof. Irving's discussion in Part I of this volume. Also R. D. Irving, on ‘‘Some 
Points in the Geology of Northern Wisconsin,"’ Am. Jour. Sci., July, 1874, and Trans. 
Wis. Acad. Sci., Vol. II, p. 107. Also Brooks and Pumpelly, Am. Jour. Sci., June, 


1872. 
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R. 13 W., and on the St. Croix, being spread out over a horizontal 
distance of about seven miles, and trending N. 54° E., with an aver- 
age dip of 14°S. They are also found in Ashland county at two 
points. The lower portion observed, which is most closely associ - 
ated with the crystalline strata, is made up of conglomerate and coarse- 
grained sandstone, the pebbles of the former having been derived 
almost entirely from the underlying rocks. The upper portion, which 
has by far the greatest thickness, consists of thin-bedded, somewhat 
indurated, fine-grained, argillaceous, red sandstone. Although the 
observed outcrops of these sandstones are separated by considerable 
distances, there is no doubt, owing to the great thickness and to the 
uniformity in direction of dip and strike, that they form parts of the 
same great group of strata. 


Local Details. The most western exposure of the eruptive rocks of the Western 
Luke Superior district. that I have seen, is a short distance west of the lower falls of 
Black river. It is said by Mr. Fitzpatrick, a farmer living on Sec. 35, T. 48, R. 16 W., 
that exposures of this rock occur near his house, about a mile west of the Wisconsin 
state line. This point, it will be observed, is not only at a considerable distance from 
the range of Douglas county, but is quite close to the Huronian slates of the St. Louis 


-_Tiver. 


Near the center of T. 46, R. 15 W., commences the distinct elevation, or broad ridge, 
which is known as the ‘Copper Range.”’ The escarpment on the north is very much 
more marked than on the south, and this is true of the entire range, which extends in a 
more or less broken line, about N. 60° E.. across Douglas county, and for some distance 
into Bayfield county. Between the western end of the range and Black river, there are 
only two or three exposures, the surface being covered with drift. Two small creeks 
break through the range, and show inconsiderable outcrops of the crystalline rocks, 
which are not dissimilar to that at Black River Falls. 

The lower falls of Black river are near the S. kK. corner of See. 21, T. 47, R. 14 W. 
In this vicinity, the exposures are the largest and most interesting of any observed in the 
district. Here the river has cut a gorge throu xh the crystalline rocks of the Keweenawan 
and the breccia conglomerate and sandstone of the Lower Silurian, to a depth 
varying from 100 to 180 feet, and having a length of nearly one-half mile. Along 
the walls of the gorge, the measures are most beautifully exposed, but great dif- 
ficulty has been experienced in satisfactorily making out their relations. An inspeo- 
tion of figures 2, 3 and 4, which illustrate the Occurrences here, will, it igs 
thought, serve to convey a better idea of the relations of the exposures in the gorge, 
or cafion, than a minute written deseription could do. At the head of the rapids, 
which extend about one hundred feet above the fails, a dark-colored, fine-grained, 
hard diabase of the ashbed type, occurs. Although quite indistinct, it appears 
to have a bedded structure. At the immediate head of the falls, this is succeeded 
by red felsitic porphyry, and this, ayain, by the common diabase. The third bed, 


/ over which is the main fall, is a dark gray, fine-grained diabase, having also an in- 
\-listinet bedding. About seventy-five fect above the foot of the great fall, in the 
left or west wall of the gorge there is a vertical fissure eight inches wide, formed 
by two smaller fissures dipping towards each other, and making an angle of 
about 40°. Owing to talus. the fissure can be seen only a distance of ten or fifteen 
feet. It is filled with a soft, clay-like sandstone. he walls on either side of the 
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Base line 189 ft. above Lake Superior. 


ProFiLe SECTION THROUGH THE GorGE AT THE Lower Brack Rive 


scale, 200 feet —1linch. Vertical scale, 100 feet = 1 inch. 
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exactly the point at which 
the diabase ceases and the 
breccia commences. This 
is partially owing to the 
fact, that both diabase and 
breccia walls are considera- 
bly decomposed, and par- 
tially to the farther fact that 
the breccia contains im- 
mense enclosed masses of 
the diabase. In the east 
wall there is no breccia. 
Near the southern limit of 
the breccia the rock consists 
almost exclusively of angu- 
lar grains and masses of dia- 
base, while in the north, 
there is a notable proportion 
of reddish sand, which 
seems to be the matrix or 
cementing material. Im- 
bedded in the face of the 
breccia are a number of 
highly indurated layers of 
reddish sandstone, from 
four to fifty feet in length, 
and inclined at different 
angles, some of them being ” 
vertical. About fifty feet «— 
above the stream, and near 
the foot of a perpendicular 
cliff a hundred feet high, 
are two of these layers rest- 
ing together, They are two 
feet thick, forty feet long, 
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straight, and dip 26° to the N. 70° W. These layers are really quartzite. They have a 
dark brown color, coarse granular structure, and contain a few disseminated grains of 
delessite. 

One hundred and fifty feet from the breccia, in the left bank of the stream, there is 
a bed of conglomerate, arising directly from the stream, thirty feet in thickness. Inter- 
stratified with the conglomerate are a few layers of sandy shale. The dip of this bed | 
of conglomerate is‘25° in a direction S. 20° W.] The dip, however, is not uniform. For 
a few rods down the stream, it is 20°, and twenty-five feet farther, only 15° in the same | 
direction. The pebbles are from one-half an inch to three inches in diameter, and are 
principally white amorphous quartz. About a third of them are diahase, much more an- 


} Bae Dae gular than the quartz pebbles, some are sandstone, and a few are themselves s conglomerate. 
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The matrix is red sand. On the east, or right side, of the stream, there is also a bed of 
conglomerate, which is underlaid by thin bedded sandstone. This bed dips’4 42° to the No 
10° E. The following figure shows the positions of the conglomerate, sandstone, and dia- 
base beds. In this conglomerate bed there are white quartz, gray quartzite, diabase and 
sandstone pebbles, with 
reddish sand as the ce- 
menting material. It 
forms so incoherent a 
mass, that most of the 
pebbles may be readily 
picked out with the 
hand. In other respects 
it is very similar to the 
bed on the west side of 
the stream. The space 
above the conglomerate 
for about 50 feet is cov- 
ered with talus which 
has fallen down from 
HE Gorck at THE LOWER Fatis oF Brack RIvEn. the nearly vertical cliff 


Scale, 100 feet — 1 inch. of diabase. Many hun- 


1. Diabase. 2. Conglomerate and intergtratified sandstone. 3. Thin i 
bedded and shaly sandstone. 4, Talus and unexposed. dred tons weight have 
recently fallen from this 


cliff. All of the fragments are very small, angular, and much weathered. Numerous 
stains of copper carbonate were noticed in the fragments. The dip here appears to be 
36° to the S. E. 

On the opposite side of the stream above the conglomerate there are two small ex- 
posures of shaly sandstone. The upper exposure dips 29° to the S. 2)° W., directly 
towards a diabase cliff only fifty feet distant, and forty feet high. Clinging to the face 
‘of the cliff are, at two or three places, patches of diabase breccia, a foot or more thick.. 
Seventy-five or one hundred feet northwest from the cliff of diabase, in the wall of the 
gorge, dark-reddish and somewhat indurated sandstones are found. The layers at first 
are broken into blocks from four to ten feet in length, and are inclined at various angles, 
usually to the N. W. Gradually they assume more and more of a distinctly bedded 
structure, and finally, in the distance of a few hundred feet, grad@finto regularly bedded 
reddish sandstone, with a dip of only 4° or 5° to the N. W. e nearly horizontal 
sandstone is found in the banks of the stream at intervals for sev@tal miles. It resem- 
bles in all respects that occurring along the lake shore in Bayfield county and at the base 
of the Apostle Islands. In the east wall of the gorge, about one hundred feet north- 
west of the conglomerate, there is a perpendicular ledge of the sandstone over 100 feet 
high. The layers near the top are thin and shaly, and dip 30° in a direction N. 10° W. 
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Near the bottom, the layers have the same inclination, but are coarse-grained and from 
six to eight fect in thickness, Scattered through the layers are diabase and quartz peb- 
bles, an inch or less in diameter. Several hundred feet still farther along. the gorge, 
the layers upon this side gradually become nearly horizontal, and are often interstrat- 
itied with yellowish and white sandstone. 

To explain the tilted and crushed condition of the sedimentary beds, it is only neces- 
tary to assume that great pressure should have existed between them and the older 
eruptive strata, The pressure could have been induced by a downward or southward 
movement of the sandstones, or by an upward or northward slight movement on the 
part of the coppor-bearing rocks. The latter being very deep-seated, and the former, 
compared to them, somewhat superficial, a slight upward or northward movement of the 
deep-seated strata, would produce all of the observed phenomena.'! This probably is 
the correct explanation, as the crushed and tilted condition is not limited to this locality, 
but occurs wherever the horizontal sandstones and cupriferous strata com” together, 

The following figure (4) is int*nded as an outline map, to show the (horizontal) sur- 
face distribution of the diffrent bods of rock, exposed in the walls of the gorge. and 
occurring for a short distance each side of them. On the surface upon either side of the 
gorge, of course, th: absolute exposures are not quite as extensive as represented: 
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- Ovurtinge Structurat Map or tugs Lower Brack River Fats. 
Horizontal scale, 490 feet = 1 inch. 


1. Diabase, ashbed type. 2. Porphyry, etc. 3. Diabase. 4. Breccia. 5. Shaly sandstone. 
6. Conglomerate. 7. Talus and unexposed. 8. Broken and tilted sandstone. 9. Horizontal sand- 
stone. 


By the tortuous course of the stream, the Upper Fall of Black river is found one and 
a half miles above the Lower Fall. Diabase crops out in low ledges, frequently on 
either side of the very rapid current. The fall is near the east quarter-post of Sec. 28, 
T. 47, R. 14 W. The descent is 31 fect vertical, over alayer or bed of diabase dipping 
about 40° to the 8. 30° EZ. One hundred feet below the fall, in the bank of the river, 
amygdaloidal diabase occurs, having the characteristic greenish color from the presence of 
epidote. About 200 feet above the fall amygdaloid again comesin. This is the most 
southern exposure found on Black river. 

It is on the N. E. qr. of the S. E. qr. of Sec. 28. A supposed “ copper vein '* was dis- 
covered here in 1865 by Capt. Buchanan, examined and reported upon by Mr, Clark, of. 
Superior, for Mr. Dayton, of St. Paul, who was offered $14,000 for the location a short 
time afterwards. But being determined to ‘‘ prove ’’ his ‘‘ vein,” he employed a “ practi- 


1See R. D. Irving, on“ Some points in the Geology of Northern Wisconsin,” Tans. Wis, Acad, 
Sci., 1874, 
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cal? miner f-om Michigan to blow off the ‘‘ cap." At the first blast the “cap *’ was not 
only removed, but the entire ‘‘ vein’? was eradicated, and nothing of it has since been 
discovered. It was merely avery small impregnation. Upon the discovery of the deposit, 
if is said that a number of fine hand specimens of native copper were obtained, and the 
‘surface indications *’ were excellent. This example is a good illustration of the 
excitement caused in the region a few years ago by the discovery of a small amount of 
metallic copper in any amygdaloidal epidotic rock. The conclusion was at once 
assumed that an immense accumulation of m2tal was close at hand, and, in order to 
expose the gigantic vein, it was only necessary to blow off the ‘‘cap”’ or projecting 
rock which hid it from view. 

Starting off in a northeasterly direction from the Lower Falls of Black river, 13 a some- 
what broken line of outcrops, in the form of rounded rock ridges. All trend in a more 
or less N. E. and S. W. direction; and vary in length from a few feet to a hundred 
yards. Several test pits have been sunk upon, and in the immediate vicinity of these 
exposures, but show no evidence of copper. A few small calcite and laumontite veins 
were noticed, none of which exceed two inches across. 

At Copper creek, the Keweenawan beds are found for a distance of nearly one mile 
along the channel of the stream, and in places arise to the height of about one hundred 
feet above it. In the most southern outcrops, the predominating rock is a dark colored 
diabase. In the most northern, the rock 1s usually the more common reddish altered 
diabase. Near the junction of the forks of the creek, at the 8. E. cor. See. 15, T. 47, 
R. 14 W., the most extensive mining operations which have been undertaken in the 
district, were carried op during several years. A history and detailed description of this 
cad other mining locations will be found in a subsequent chapter of this report. From 
the union of the forks, the creek has a tortuous course in a general northwesterly direc- 
tion. It passes through a gorge or valley, a little wider than the cation of Black river. 
The rock on each side, for a quarter of a mile, is close grained, dark reddish gray dia- 
base, which frequently rises in great, smooth, rounded or sloping exposures, to tho 
height of from 100 to 180 feet above the stream. Along the stream the bedding is 
quite indistinct. The layers, if such they may be called, are often fifty or sixty feet in 
thickness. ‘The most northern exposure, in the banks of the stream, is on the west or 
left side, and slopes from the creek at an angle of 3)° or 40° to the height of 90 feet. 
The rock is a dark gray amygdaloidal diabase, which realily weathers to a greasy-fecl- 
ing, soft chloritic rock. It breaks into small, sharp angular pieces, which is due to the 
almost innumerable small seams or joints traversing the rock in every direction. On 
the north of this exposure there is a gully, about fifteen feet across, showing nothing 
except sand, clay, and loose racks from the adjacent cliffs, In the north side of the 
yully, there are short layers of sandstone having a high dip to the northwest. Imme- 
diately adjoining them is a cliff of dark reddish, coarse-grained, somewhat indurated 
sandstone. The layers are broken into short lengths, and dip 60° to the northwest, 
The bedding for a hundred feet is not well marked, and for several hundred feet still 
farther along the stream, it shows distinct evidences of having at some time been sub- 
ject to great lateral pressure, for the layers are broken into lengths of from two to ten 
fect, the thickest often presenting the appearance of a transverse conchoidal fracture. 
Between the beds are frequently thin layers of fine-grained white sandstone, some por- 
tions of which have been manufactured into grindstones, said te be of very fine quality. 
Many of the reddish layers are themselves mottled, by containing spheres of white sand- 
stone a quarter of an inch or more in diameter. In the course of a few hundred feet 
the broken layers gradually assume regular and undisturbed bedding, having a dip of 
only 4° to the N. W. The layers are from one-half inch to two feet thick, often finely 
cross-laminated, and frequently show most beautiful ripple marks, They are also fine: 
grained, and of a much lighter red color than the broken layers, 
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The following section illustrates the relations of the diabases and san Istones in the 
left bank of the creek. On the opposite side they are not exposed together. It will be 
observed that conglomerate and breccia do not occur, No sandstones were observed 
in the vicinity of Copper creek, except in the bunks of the stream. 
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Some time was occupied in attempting to construct a detailed section of the Ke- 
weenawan rocks at this point, but owing to the infrequent exposures away from the 
creek a general one only was obtained. ‘The beds occur in the following order: 

1. Starting near the W. quarter-post of Sec. 23, the uppermost bed exposed consists pre- 
dominatingly of dark colored diabase. The rock is quite fine-grained, dark colored, 
hard and slightly influenced from the action of the weather. Silica content of a 
typical specimen, 49.53. Specitic gravity, 2.74. Strike N. 60° E. Dip, 40° 8S. The bed 
occupies an observed horizontal breadth of about one thousand feet. 

2. Much altered diabase-amygdialoids are the type of this bed. ‘They decompose very 
readily, and are largely exposed at the junction of the forks near the N. W. cor. of Sec. 
23. The amygdules are prehnite, calcite, epidote and laumontite. Small veins of lau- 
montite are very numerous in the bed, and easily decomposing, materially assist in the 
disintegration of the rock. It is uponthis bed that the mine has been worked. Copper 
is found, principally, in the epidotic amygdaloid. The bedding is indistinct but appears 
to conform with the underlying bed. The bed has a horizontal breadth of 50) feet. A 
somewhat weathered specimen has silica, 57.80. Specific gravity, 2.70. 

3. Crypto-crystalline, dark gray diabase with a greenish shade, hard, and very little 
weathered. Silica, 59.29. Gravity, 2.82. This forms the most prominent ridges and 
rounded exposures in the vicinity. Bedding indistinct, but about N. 55° E. for the 
strike, and 50° S. for the dip. Horizontal extent of bed about 400 feet. 

4, Amygdaloidal, and very similar to No. 3. Silica, 58.30. Gravity, 2.73. Strike, 
N.55° E. Dip (?)S. This bed has a breadth of about 300 fect, and on the north joins the 
sandstones, as explained above. About a quarter of a mile from the mining location 
and close to the Superior and Copper creck wagon road, there is an exposure upon bed 
No. 4, which has been prospected for “‘ nickel.'’ Upon close inspection of samples col- 
lected from this locality, I was able to detect a few disseminated grains of niccolite, 
often called nickel from its pinkish tint. 

Mr. Barden, of Superior, presented me with a small, fine sp2cimen taken from the 
locality eeveral years ago. There appears to be a small vein here of quartz, calcite and 
orthoclase, dipping with the bedding 35° to the 8S. 25° KE. I was unable to find niccolite 
in the vein matter, but it appears to occur in the hanging wall of amygdaloid. 

About one mile northeast from the mining location at Copper creek, there commences 
a very remarkable exposure. It isin the form of a rock ridge or great wall of stone, 
almost perfectly straight, nearly a mile long, forty feet high, jagged and nearly vertical 
on the north side; the top, for conaiderable distance, as smooth and level as a sidewalk, 
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from ten to thirty fect wide; the south side, even and sloping, and twenty or thirty feet 
above the soil. The rock is very similar to that of beds Nos. 3 and 4, described as occur- 
ring at Copper Creek. A few small calcite and laumontite veins were noticed. The ex- 
posure consists merely of the upper edges of some of the hard layers, forming one of the 
beds, quite capable of resisting erosion. ‘The jagged appearance on the north is owing 
to rough breaking of the layers which protrude in that direction. The trend of the 
ridge is N. 55° E., which is exactly the direction of the strike, and the dip is 36° §, 

Passing off from the eastern end of this exposure, there are two lines of similar, but 
much smaller, outcrops. One goes nearly east to the Aminicon river in See. 17, where 
it divides into two or three general lines, the individual outcrops lapping past each other, 
and each preserving its trend of N. 55° to 60° E. The second passes northeasterly across 
Sec. 12, and Secs. 7 and 8, T. 47, R. 13 W. Here the exposures are not numerous, but 
are in nearly a straight line. Most of them are in the form of short ridges, A cuprif- 
erous vein is said to have been found on the southeast quarter of Sec. 12, but I did not 
see it. On Sec. 8, upon this line of exposures, is the Fond du Lac mining location, and 
upon Sec. 2, the Wisconsin mine. Drift conceals most of the underlying strata in this 
vicinity. Upon See. 1, directly southeast from the Wisconsin mine, exposures are very 
numerous. They are usually short and ridge-like, varying in length from a few feet to 
an eighth of a mile; in width, at the surface of the drift, from ten or twenty to two 
hundred fect, and in height from ten to seventy-five feet. They trend from 20° to 30° 
east of north; somewhat nearer north, it will be observed, than those a few miles to the 
west. They are separated from each other by drift-filled valleys from 100 to 700 feet 
wide. A short distance to the east of most of the small ridges is one very prominent 
ridge, or rather mound-like exposure, several hundred feet long and seventy-five fect 
high. The northern face is very precipitous, and the bedding is very distinct. The dip 
is 30° to the S. 6U° E. The rock is dark-colored and closely resembles some of those in 
the southern part of Ashland county. 

Near the southeast corner of Sec. 32, T. 48, R. 12 W., 1s the most southern expos- 
ure in the banks of the Aminicon river. There are several between here and the 
crossing of the Superior and Bayfield post road, a half mile below. The rock isa 
coarse grained gabbro, composed of red and stained plagioclase, a gray plagioclase, and 
a suft greenish altered (chloritic) diabase, with bright shining grains of magnetite. Be- 
low the bridge, a dark colored, coarse-grained variety occurs, in which the several min- 
erals show much less alteration. These rocks are subject to great variation and sudden 
changes in texture, and degree of alteration. Between the outcrops of the above de- 
scribed rocks are layers, or imbedded masses (I am not able to state in all cases which), 
of a fine-grained dark rock (ashbed diabase). Farther down the stream the rock be- 
comes fine-grained, and sometimes compact. Several veins of calcite were observed in 
a compact reddish rock of unknown constituents. 

Near the east and west line, running between sections 20 and 29, is the junction of 
the reddish sandstones with the crystalline rocks. For twenty-five feet only have the 
sandstones been disturbed. In this distance they are broken into short lengths, and dip 
northwest from the crystalline strata at angles varying from 60° to 20°, after which they 
become horizontal and show two well marked systems of vertical joints. The direction 
of one system is N. 60° E., and of the other N. and S. At the immediate line of junc- 
tion, or where the sandstone is removed from the crystalline rocks but a very few inches, 
the layers of sandstone have a facing of fine conglomerate, from a few inches to a foot 
or more in thickness. The pebbles consist of quartz and melaphyr or diabase, which 
are cemented by sand. The sandstone layers at some distance from the junction also 
contain small pebbles of the adjacent crystalline rocks. The sandstone layers are much 
softer than usual, uniformly reddish in color, and in thickness vary from one to twenty- 
four inches, 
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Between the Aminicon and Middle rivers. there are very few exposures of 
the copper-b-aring rocks, and none in Sees, 33> and o4, where we would 
expect to find them. The country is somewhat lower than the remainder of the 
range, and coverd with drift. Near the center ot Sec. 4, T. 47, R. 12 W., there 
are two aniall exposures of fine-grained blackish diabase, separated by a few role of 
drift. Similar rocks are avain visible in See. J, and along the banks of Middle river 
for nbout & mile in Sees. 2 and 35.0 They are all small exposures. In Sec. 35 ae 
rock is often porphyritic. A perfect network of minute luumontite veins occurs at one 
or two localities. No other veins, however, were observed. In searching for outcrops 
several places were found in Ses. 35, 25 and 25, where the magnetic needle is 
subject to great local attraction. 

Near the south line of See. 24, T. 48, R. 12 W., Middle river cuts through the 
northern face of the range, leaving a large surface of the rock exposed. On the south 
the stream has exposed between three and four hundred fect of a dark brown dighase: 
being in places somewhat amygdaloidal. This outcrop is nowhere more than 25 feet i 
height. A hundred yards northwest from it, in the left bank of the stream. is an 
exposure of soft, dark reddish, much altered and decomposed diabase-amygdaloid, car- 
rying numerous small veins or ‘strings’ of laumontite and calcite. This rock weath- 
ers easily, and is rapidly crumbling away. It is very similar to that described as 
occurring at the forks of Copper creek. Some of the small veins of calcite were noticed 
stiuned with copper carbonate. This rock is found along the stream for 200 feet, is 
about 50 fect in height, and is very indistinctly bedded. On the north, it is separated 
from a soutaward dipping and shaly rock by a gully 30 feet across. The following 
section illustrates the relative positions of the Keweenawan rocks, shales and sandstones: 


Base Line 110’ above Lake Superior. 


Proritys Sxcriox ALONG THE West Bank or Mrppiz River. 
Horizontal scale, 400 fect —1 Inch. Vertical scale, 50 feet —1 inch. 


1. Diabaee. 2. Talus and unexposed. 8. Micaceous and siliceous slates and shales. 4. Layers 
of red sandstone having a transverse slaty cloavage. 6. Horizontal red sandstone. 


Nothing can demonstrate more conclusively the former existence of great pressure 
against the sandstone, than does this exposure. Near the crystalline rock, the bedding 
has been entirely obliterated, and the outcrop presents the appearance of a bed of shale 
dipping 79° to the S. 20° E. The layers are from one-sixteenth of an inch to an inch 
in thickness. All of them contain flakes of mica, and the most of the layers are red- 
dish colored. But thin, hard, light-colored, slaty layers occur between the reddish, 
shaly layers. In the course of 75 feet, the exposure begins to show evidences of hori- 
zontal bedding with a transverse slaty cleavage, as shown in the cut. Beyond this, the 
layers are broken and dip somewhat, and only one or two of them show the slaty cleav- 
age. After another bed of slate and shale, as shown, and attempts at slaty cleavage, 
the rock becomes evenly bedded and horizontal. It is fine-grained, and more alumi- 
nous than is usual with the Lake Superior sandstones. There are no conglomerates, 
breccias or thick layers of coarse sandstone seen in the vicinity. 

Eastward from Middle river, neither the copper-bearing rocxs nor sandstones are ex- 


3848 GEOLOGY OF THE WESTERN LAKE SUPERIOR DISTRICT. 


posed for a distance of about seven miles. Between Middle river and the high ground, 
locally known as the Brulé range, the country is quite level, somewhat swampy, and 
has an elevation of about 400 feet. ‘lhe Brulé range, commencing in T. 47, R. 11 W., 
attains an altitude on the broad summit of about 540 feet. Towards the western end 
are two or three small exposures of fine-grained, dark gray diabase. On Sec. 29, T. 48, 
R. 10 W., is an exposure of diabase, fine conglomerate and sandstone, very similar to 
that described as occurring on the Aminicon river. On the northeast quarter of Sec. 28, 
at the falls of a small stream, is an exposure of dark gray amygdaloidal diabase, a few 
feet in height and ten or twelve yards long. A test pit was sunk here on what appears 
to be asmall quartz and eprdote vein bearing altered amygdaloid, by the North Amer- 
ican Fur Company, in 1847. A small quantity of iron pyrites and copper carbonate 
were observed with the debris. The dip here is 37°, S. 40° E. 

No exposures are found from here to the Percival mining location, a mile to the east. 
At this location the natural exposures are small and few in number, but the underlying 
rock is lightly covered with drift, which may easily be removed. The rock is usua!ly a 
dark greenish gray amygdaloidal diabase, carrying in places shot and nugget cop- 
per. The bedding is not very distinct. At the wagon bridge across the Brulé, on See. 
23, and occasionally along the banks of the stream for a half mile below, there outcrop 
low ledges of a dark colored amygdaloidal diabase. A quarter of a mile below these 
exposures there are low ledyes of nearly horizontal, reddish, heavily bedded sandstone, 
in the banks of the stream, Similar sandstones are found along the banks and in the 
channel, forming numerous rapids nearly to the mouth of the river. No exposures were 
found on the steep sides of the valley, although, in the vicinity of the sandstones and 
crystalline rocks, it is over 200 feet deep, and nota half mile across from summit to 
summit. On the northeast quarter of Sec. 23, a short distance north of the Bayfield 
road, there is a very prominent and high exposure, forming the western end of that 
portion of the range east of the Brulé river. The summit of the bare, bald cliff, is 301 
feet above the bridge across the stream at its foot, or 553 feet above Lake Sup-rior. 
From here a most beautiful view of the country to the north, east and west, may be 
had. Duluth and the whole western end of the lake are in plain sight from this point. 
On the north, the cliff has a very vertical, jagged face of sixty feet. The dip is 35° S., 
and the strike N.55° E. Ashort distance to the south of this cliff are two other 
rounded knobs of bare rock at elevations a few f2at less than this. The rock upon the 
three exposures is quite uniform, and consists of a dark rediish, fine grained to compact 
amygdaloidal diabase, the filled cavities containing usually prehnite; and the empty 
ones being studded with either chlorite, epidote or quartz crystals. Upon the most 
southern knob at one place there are some indistinct evidenc2s of an epidotic ‘* bed.” 

Passing off from the northern and highest knob or exposure, in a northeasterly direc- 
tion, is the drift covered summit of the range, from five to ten yards wide. Several 
small outcrops occur in the distance of a half mile, and the “ ridge’ descends eighty 
feet, to the surface of the surrounding country or broad top of the range. East of here, 
but a single exposure of the copper-bearing rocks has been found; a small outcrop on 
Sec. 10, in the valley of Iron river. 

From the altitudes, trend, and general appearance of the ridges or abrupt elevations 
to the south, a few miles from the lake shore, in Bayfield county, we should expect to 
find crystalline rock exposures, occasionally, as in Douglas county. The streams are 
numerous, and, like those to the west, cut deep and narrow valleys through the drift, 
near the abrupt ascent of the country to the south, and nearly all expose small ledges of 
horizontal, reddish Lake Superior sandstone, but none of them appear to have uncovered 
the Keweenawan rocks. In the southwest part of T. 50, R. 7 W., between Frog and 
Cranberry rivers, there is a ridge having an altitude of over 400 feet, and covered with 
many large angular boulders of diabase and othcr Keweenawan eruptive rocks. It pre- 
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gents a striking resemblance to the range,a short distance west of the Brule river. On 
the northeast quarter of Sec. 20, T. 50, R26 W., a few rods north of the shore of Sis- 
kowit lake, there isa flat circular boulder of breeciated conglomerate, eighteen feet in 
dia:n:ter, A few of the angular and some of the round pebbles are diabase, but the 
must of them are felsitic porphyry. The matrix is reddish sand. The boulder is evi- 
dently stratitied, and, as it lies, has an inclination of 20° 8. Owing to the frail nature of 
the rovk, it probably never traveled any considerable distance. ‘This is one of the 
numerous so-called outerops of crystalline rocks to which 1 was directed by some of the 
citizens of Bayfield. Others were found to be large boulders, trains of boulders, or 
ledyes of sandstone. 

In an executive document previously referred to, Owen reports the Keweenawan 
eruptive rocks in the banks of the Brulé river, near the mouth of the Nebagamuain. 
I searched in that vicinity three days, and, although many large boulders were 
frequently seen, no rock in place was observed. Jf exposures occur anywhere 
in the vicinity of the Brul¢ south of the Copper Range. or in townships 45 or 46, Doug- 
las or Bayfield counties, they are exceedingly rare. Mr. Stuntz and the surveyor of 
Douglas county have told me that there is a small ledge, about the center of T. 46, R. 
1) W., from which small specimens of native copper have been taken. In townships 
43 and 44, ranges 14 and 15, there are said to be numerous exposures of sonthward 
dipping copper-bearing rocks. Mr. Strong was in this region, and he doubtless ob- 
tained details in regard to them. In the banks and channel of Moose river, on See. 2, 
T. 44, R. 13 W., there are low ledges of melaphyrs and diabases, dipping 18°, S. 35° E. 
These are conformably overlaid by fine conglomerates and coarse sandstones. The peb- 
bles of the conglomerat> have nearly all been directly derived from the underlying crys- 
talline rocks, and are held together by a coarse red, sandy matrix. None of the very 
course or boulder conglomerates noticed on the northward dipping belt, in Ashland 
county, and on the St. Croix river, were observed here. In following Moose river south- 
ward, towards its mouth several small exposures of the fine conglomerate were seen, 
but it apparently has no great thickness, for it soon grades w.th coarse reddish sand- 
stone, and that finally, after reaching the St. Croix, into quite fine-grained, red sand- 
stone, often somewhat argillaceous. 

The mos’ northern exposure of this: sandstone on the St. Croix, is at the head of a 
small lake about a mile above the mouth of Moose river. Thee outcrop is in the east bank. 
The Jayers are hard and thin, and contain many red argillaceous spots. Indurated 
smooth slabs come out readily. A few of the layers are finely ripple marked. The 
strike is N. 53° E., and the dip 14° 8. This place is a short distance below Chase's dam 
on Sec. 36, T. 44, R. 13 W. For five miles along the St. Croix below Moose river, a 
few amall exposures only are seen. On Sec, 8, T. 43, R.13 W., the sandstone is exposed 
in the banks five or six feet high. At the first considerable exposure, the rock is fine 
grained, very thin bedded, and argillaceous. Circular reddish and bluish spots of 
indurated clay are of frequent occurrence in the layers. The strike is N. 55° E., and 
dip 13°S. There are two well marked systems of joints; one trending N. 23° W., and 
the other N. 55° E. A short distance below here, there is a somewhat larger exposure, 
showing astrike of N. 55° E., and dip of 14° S. Below this, for a distance of ten or 
twelve miles, tilted sandstones often form the bed of the stream, although they are sel- 
dom seen in the banks. In the banks of Rocky Run on Sec. 9, T. 42, R. 14 W., a half 
mile from the S}. Croix, the sandstones are again largely exposed. In the banks, and 
channel of the St. Croix at Pine rapids, & quarter of a mile b2low Sawyer’s old dam, on 
the southwest quarter of Sec. 16, T. 42, R. 16 W., is the most southerly outcrop of the 
southward dipping sandstone observed. The rock is very similar to that above described. 
The strike is N. 52° E., and the dip 16° S. 

It will be noticed from an examination of the geolozical map, that the horizontal 


350 GEOLOGY OF THE WESTERN LAKE SUPERIOR DISTRICT. 


distance across this series of layers of sandstone and conglomerate, at right angles to 
the strike, is over sever, miles. There seems to be little doubt that the bed is continu- 
ous. It chiefly consists of very uniform, thin-bedded, fine-grained, hard argillaceous, 
red sandstone. Assuming a uniform dip of 14°, a simple calculation gives for the 
thickness about 9,000 feet. These sandstones are exposed in Minnesota, six miles above 
the falls of Kettle river,’ and near the head of White river,! in Bayfield county. I have 
seen them in Ashland county at two localities —on White river, at Welton's, six 
miles south from the village of Ashland, where a few hundred feet are exposed, show- 
ing @ dip of 25° southeasterly, and on Bad river, at Leighy's, Sec. 25, T. 47, R. 3 W., 
where about 2,000 feet of the bed is exposed, having a S. E. dip of 38°. For details in 
regard to the Ashland county exposures, the reader is referred to Prof. Irving's report, 
in another part of this volume. The southward dipping bed of sandstone has thus a 
length, in Wisconsin, of nearly 100 miles, and, as stated above, an estimated maximum 
thickness of about 9,000 feet. So far as observed, no other sedimentary rocks occur in 
the immediate vicinity of it. The undoubted horizontal reddish Lake Superior sand- 
stones near Ashland are over eight miles from these dipping sandstones. 


The following table of analyses made by myself, shows the relative conipositions of 
the crystalline rocks and sandstones of the Keweenatcan system, and of the hon- 
zontal Lake Superior sandstone: 


NUMBER. i 2. 3. 4, 

GYAVILY i 625d ceueueenies a teimnats eee ees 2.92 2.69 2.48 2.18 
SilCHs43:heiG add Seed Ue avd cue tee eae 48.28 53.69 69.78 87.02 
AJUMIDNG eho ose esas ei yee waists eae 17.35 22.10 15.43 7.17 
Peroxide of iron .........ccccecceececec: 11.43 8.53 7.93 3.91 
Protoxide of iron .........ccceccccccces. 4.02 5.65%. |lnduvawaaataeeseees 
BAW Cech dk desde ants Ge esa ee eee l 6.27 4.31 49 ll 
MAQNCSIO Sais douse ate earns Be aw aise 6.58 2.09 1.17 06 
POtASSA are bo eiun eo an siewsn ee Sauaeeseaus 1.14 1.39 2.64 1.43 
OA Shes one sie Uk Boake es Gia Sole ae ewe esate 1.83 1.99 2.42 22 
Walter ee iecuneee eras teed lo ctes saa 2.66 2.61 Trace. Trace 

TOUS bie Gare de aiuaauin wecure dee aaeees 99.56 100.36 99.86 99.92 


No. 1 is an analysis of a fine-grained, dark greenish-gray diabase from the Fond 
du Lac copper mine, Douglas county. It contains a trace of native copper. No. 2. 
Brownish-black compact diabase from the Ashland copper mine, Ashland county, near 
the mouth of Tyler's Fork. No. 3. Coarse-grained, reddish Keweenawan sandstone, 
from Leighy’s, on Bad river, Ashland county. Crystals of feldspar can easily be dis- 
tinguished in the specimen. No. 4. Typical Lake Superior sandstone from a large 
quarry on Basswood Island. 


LAKE SUPERIOR SANDSTONE. 


By this term I refer to the reddish, aluminous, horizontal sand- 
stones which border on the lake shore in Bayfield county, and extend 
as far south in Douglas county as the northern limit of the Copper 
Range. In Bayfield county, this rock forms bold and nearly vertical 
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cliffs along the lake shore, sometimes 40 or 50 feet hich. Great cav- 
erns and picturesque arches have been worn into the base of many of 
these clitts by the waters of the lake. In Douglas county, the sand- 
stone nowhere borders the lake shore, but is found in the channels 
and banks of nearly all of the streams at a distance of from one to 
three or four miles from the Jake, and extending to the erystalline 
rocks. The sandstone is chiefly composed of small, rounded, and 
sometimes somewhat angular grains of quartz, cemented by a ferru- 
ginous matrix, Most of the grains are coated with peroxide of iron, 
Which imparts a characteristic reddish color to the stone, All of the 
layers, which vary greatly in thickness, are more or less aluminous, 
and sometimes so much so as to become somewhat shaly. Cirenlar 
spots or nodules of indurated clay (altered feldspar grains) are of fre- 
quent occurrence in the layers. I have never seen any sign of calea- 
reous admixture. The above analysis (No. 4) shows about the average 
chemical composition of the rock. It will be observed that ic is not 
avery purely quartzose sandstone, but is much more so than the Ke- 
Wweenawan sandstone, from which it may have been partially derived. 
The composition shows that the sandstone must at least have had its 
origin in the highly aluminous and ferruginous crystalline MKewee- 
nawan rocks. 

The elevation of these sandstones near their southern limit varies 
considerably. Along the St. Louis river, in the vicinity of Fond du 
Lae, the sandstones rise to a height of between 200 and 250 feet above 
the lake. At Black river falls, the upper surface of the sandstone 
is at an elevation of 365 feet; at Copper creek, 296; on the Aminicon 
river, about 220, and on Middle river, 155 feet. On the Brulé river, 
the sandstone is found at an elevation of 212; on Iron river, 150; 
Flag river, 115, and Siskowit river, Sec. 2, T. 50, R. 6,95. This 
inclination of the surface towards the east may be due to a slight dip 
in that direction. 

In regard to the aye of the Lake Superior sandstones, but very lit- 
tle indeed can be learned in the Western Lake Superior district. So 
far as my observations have extended, the sandstones are absolutely 
devoid of organic remains. They are removed many miles, and are 
separated by intervening older formations, from the unmistakable 
Lower Silurian strata. These sandstones, with quartzose conglomer- 
ate at their base, unconformably overlie the Huronian slates on the 
St. Louis river, two miles west from the northwest corner of Wiscon- 
sin. At the state corner, on the south side of the stream, is a ledge 
of coarse sandstone, forty or fifty feet in height, with a low dip to the 
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In the preceding pages the relations between the Lake Superior 
sandstones and the eruptive crystalline rocks have been explained, and 
we may say that it has been conclusively shown that the sandstones 
are of more recent age than the Keweenawan strata. 


QUATERNARY DEPOSITS. 


In treating of this subject, I shall, on account of the limited space 
assigned to me in this report, omit all minor details and simply pre- 
sent the main facts in a general manner. In the district under con- 
sideration, the drift deposits are very largely represented. Hither the 
original and unstratified, or the secondary, modified or stratified de- 
posits, cover very nearly the entire surface of the district. The under- 
lying rocky formations have so very limited a surface exposure, that 
exceedingly few opportunities are afforded to make examinations for 
striee, and thus determine with precision the direction of the great 
glaciers which formerly oceupied the region. No distinct glaciated 
surfaces have been observed. In the vicinity of Thompson and the 
junction, the slates show a smooth surface in places, as do also the 
eruptive rocks a short distance east from Copper creek. A few indis- 
tinct striations, trending about northeast, were noticed at these places. 
However, as some of these rocks show the effects of running water, 
these observations must be received with some caution, but the abra- 
sion of projecting ledges makes it quite certain that the movement 
was from northeast to southwest. This is corroborated, in the way of 
direct evidence, by the movements of the drift materials themselves. 
Boulders of sandstone and crystalline Keweenawan rocks are found in 
a number of instances, apparently but a short distance from their 
original beds. In each case the direction of the boulders from the 
ledges is about southwest. The trend of the several bays and points 
along the coast of the lake, and of the largest of the Apostle Islands, 
is presumptive evidence that the general glacial movement was to- 
wards the southwest. 

Unstratified glacial deposits. The materials of the unstratified 
drift are sand, gravel, clay and boulders, occurring in relative quan- 
tities, on the surface, in about the ordernamed. Sand and gravelare 
almost the exclusive materials of the so-called Barrens, and occupy 
the highest portions of the district. The sand consists of light 
colored, medium sized, round to somewhat angular grains of quartz. 
The pebbles, making up the gravel deposits, vary in size from large 
grains of sand to three or four inches in diameter. They are very 
round and consist chiefly of granite, greenstone, quartz and sandstone. 
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Sand and pebbles make up nearly the entire surface deposits of the 
“barrens.” On the highest portions they may be said to be the ex- 
clusive deposits. A hundred feet below the summit, or at an eleva- 
tion of between 400 and 500 feet, reddish clay and boulders are found 
intermingled in various proportions with the sand. When a consid- 
erable proportion of clay is mixed with the sand, a soil is produced 
eapable of sustaining in places a dense growth of red pines (Norways). 
The unstratified clay is very similar to the stratified. It is really 
a ferrnginous, sandy, marly clay. About the averaye chemical com- 
position has been given in two analyses under the subject of soils. 
This clay borders the “ barrens,” and is found upon, and each side of, 
the Copper Range. South of the range and west of the Brulé and 
Moose rivers, it is the predominating drift material, and with sand, 
pebbles and boulders composes the low, broad ridges which usually 
trend N. E. and 8. W. between the many swamps of the region, and 
support a heavy growth of birch, poplar, maple and pine. These 
trees also grow at a few places on low land and clayey localities in 
the barrens. 

Boulders are not very numerous, except in the channels or deep, 
narrow valleys of the streams. They are, however, quite evenly spread 
over the surface of the district, with the exception of the highest por- 
tions of the “barrens.” On the summit of the Copper Range, and 
between the swamps to the south of it, there are trains, or narrow 
ridves of boulders, sand and clay, extending from a few rods to a half 
mile or more in length, and trending generally N. i. and 8S. W. In 
the channels of the streams, boulders usually a foot or less in diameter 
are very numerous. On Ts. 46 and 47, Kt. 10 W., in the valley of the 
Brulé river, the boulders are very numerous and very large. Many 
of them are ten feet in diameter, and a few will measure even twenty 
feet across. In this place, they form trains or ridges at right angles 
to the valley, nearly across, through which the channel has cut its 
way. The large boulders are diabase. In general, the boulders 
belong to the greenstone group, or are granite, gneiss, or felsitic por- 
phyry. Reddish porphyry boulders, of unknown origin, and common 
in the southern part of the state, also occasionally occur here. Small 
native copper boulders are frequently found, and several of great 
weight are said to have been discovered. Mr.S. Vaughn, of Ashland, 
is authority for the statement that a copper boulder was found in 
1840 in the channel of Sioux river, six miles from Lake Superior, 
which weighed 1700 pounds. It was taken to La Pointe, and there 
sold. A mass weighing 100 pounds was found on Outer island, in 
1876, and purchased by Mr. A. C. Heyward, of Bayfield. Many of 
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the boulders in this district, certainly the granites and gneisses, must 
have crossed Lake Superior, and have traveled a distance of at least 
200 miles. 

Moraines. Kettle Range. The great Kettle Range of the district 
is embraced within the “barrens.” Its northeastern end commences 
in T. 50, R. 5 W., and the summit of the range passes almost south- 
westward across the district. The range, in the Western Lake Supe- 
rior district, is from six to fifteen miles wide. The kettles, or circular, 
pot-like depressions, are the largest, and by far the most numerous, 
in Ts. 47, R. 8 W., 48, 7 and 49,6. They are often from one hun- 
dred to one hundred and fifty feet in depth and no more than four 
hundred or five hundred feet across the top; and are sometimes so close 
together that the ridges which separate them are scarcely wide enough 
for a foot path. Often there are knolls between them, and frequently 
they are separated by quite extensive areas of level ground. I shall 
not attempt a critical description of them, but will simply refer the 
reader to Prof. Chamberlin’s description of the Kettle Range in east- 
ern Wisconsin, contained in Vol. II of the Survey Reports, pages 
206-7-8. This description applies so perfectly to the range under 
consideration, that I could not hope to equal it in vividness, and 
accuracy of details. ’ 

It is quite evident that this Kettle Range owes its origin to a cause 
similar to that which produced the Eastern Wisconsin Range. We 
may assume that the great glacier which descended from the north- 
east, was divided into two portions; the one passing southwestward 
along the general course of the western portion of the lake, while the 
other took a more southerly course on the opposite side of the Bay- 
field peninsula; and that the kettle moraine was formed by the joint 
action of the two. 

In regard to the depressions, the results of my observations agree 
in the main with the conclusions of Prof. Chamberlin (vol. II, page 
914). The circular depressions may have been chiefly formed, as Col. 
Whittlesey states in the Smithsonian contributions, by masses of ice 
becoming buried in the drift and subsequently thawing. In the Lake 
Superior kettle range, some of the circular depressions and many of | 
the oblong ones were apparently formed during the melting of the 
glaciers, by eddies in the angies of slowly flowing streams of water. 
This is clearly suggested by their frequent occurrence in tortuous 
lines of depression leading off on either side from the summit. Such 
depressions could have been easily formed, as flowing water readily 
holds in suspension and carries off the fine sand and the red marly 
clays of the district. It is to this fact that I attribute the almost 
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entire absence of clay on the highest portions of the kettle range, and 
the consequent comparative durrenness of the “barrens. During 
the melting of the glaciers, each grain of sand was literally washed, 
and all adhering clay carried away in suspension to still water, where 
it was deposited in horizontal beds. In regard to the thickness of 
the glaciers, we know but very little, and of the maximum depth of 
the drift, little more. The glaciers must have been thick enough to 
have filled the basin of Lake Superior to a depth of nearly 1,000 feet, 
and to have overtopped the highest points in the district, nut over 700 
feet above the Inke. On account of the probable very irregular sur- 
face of the Keweenawan strata, an attempt at the estimation of the 
thickness of the drift at a given point would be at best guesswork. 
The stratified drift near the western end of the lake is over 200 feet 
thick. 

Champlain deposits. Sératined drift. Owing to the very few 
fresh exposures of the drift deposits in the district, it is impossible to 
state precisely the altitude to which the stratified clays and fine sands 
arise. Very few, if any, stratified clays were observed at an elevation 
greater than 300 feet. The sands, however, with a sinall admixture 
of clay, have an indistinct stratification along some of the ancient 
channel courses fully 200 feet higher. I found no evidence that the 
drift materials had been stratified by the waters of the lake, when 
standing at a relative altitude of 300, or, at most, 350 feet, greater 
than at present. Along the lake shore in Donglas county, stratified 
red marly clays, with layers more or less sandy, arise to a height of 
from ten to twenty-five feet. When the clay is dry it crumbles readily 
and rolls down the steep banks into the lake, and, when wet, it slips 
orslides down. The lake is, therefure, quite rapidly encroaching upon 
the land. 

The following section of the modified drift was taken on the left or 
north bank of the St. Louis river, about one quarter of a mile from the 
railroad station called Greeley. The river bank is very steep, and the 
section is continuous, cuttings for a railroad grade having exposed 
about forty feet. It is introduced as a representative section, instead 
of several smaller onesof less importance. Commencing at the top, 
the successive beds or layers are as follows: 


Feet 
1. Sandy soil... cccsccccsccseccccees eudeeaer siaeeaneweewer seeeae ss 2 
2. Brownish sharp sand ......eee- et eececcens errr eee: eoee 12 
3. Yellowish clayey sand ....cecececcceccece ery ee eres eee Serer -- 6 
4. Reddish sandy clay....... Mieeteeasew SierGawr eee Ceenaweees: <6 
J. BLOWS SAN cicceres sit woe ess endav soe scgsaies sGGaieaee ees rr ee | 
G@ Light colored sandy clay......... ee erececessasereveccesenses ces OD 
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Feet. 
A; Whitish Sd scuiessicesseswsessedes een unas Mewaae. Seeeeeeseees 2 
8. Reddish sandy idle Clay. 4ceos a vsew sae Sheree esas Soawadiers 13 
9. Slightly sandy reddish clay, somewhat iibdee bakes in the sun, and 
crumbles in small angular masses ..ccesess  sesseccccsccccccecs 50 
10;,:Same;wanting the gravel «ss 46-0+sss 660s 5500s aceeeseeeweeees - 12 
11. Shghtly sandy, light red clay; dees and bakes in the sun, becoming 
exceedingly hard..... eite: wince te wekensas Soke eee caeasee wees 30 
12. Light colored clayey sand..........eese0s uns bee Sh Wise A sata weasialet 14 
13. Like No. 9, but containing a few small boulders.....eceseeecee wea: OU 
14. Unstratified? Boulder clay, above the river .....ccccccsccccccccece 4 
15. Elevation of river above Lake Superior ......... satecrnns sw seieeew. 10 
DOtAlie ccs twisceenscwmeese was eee eese Seb uie wicdie wa teGeestees eee CUE 


ES 
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Terraces. In the vicinity of Fond du Lac, at the western end of 
the luke, and also southeast from Superior City along the old St. Paul 
military road, there are quite distinct evidences of lake terraces. I 
place them at about 15, 35, 80, 120, and, an indistinct one, 300 feet 
above the present level of the lake. At most localities in the vicinity 
of the lake shore they have been obliterated. Along either side of 
the Brulé river, in the vicinity of the mouth of the Nebagamain, T. 
47, R. 10 W., there are perfectly distinct river terraces. The river 
here is about 300 feet above Lake Superior. The first terrace is 30 
feet above the present surface of the river, the second 80, and the 
third 190 feet. From the top of the highest terrace, or level of the 
surrounding country, to the corresponding top on the opposite side 
of the valley, the distance is about one mile. As the river is as- 
cended a few miles, the several terraces have a less height above the 
stream, showing that they are more nearly horizontal than the present 
channel, and consequently, that the current is much swifter now than 
it was formerly. In descending the river a few miles, another terrace 
comes in near the surface. Evidences of river terraces were also ob- 
served near the headwaters of Iron and Flag rivers, 


ORE DEPOSITS AND MINES, BY 


CHAPTER III. 
ORE DEPOSITS AND MINES. 


About $100,000 has been expended in Douglas county, in working 
mines and making explorations for metallic copper. The most of 
this sum has been expended in the interests of those who hoped to 
speculate on the mining stock, or who had a very strong desire to 
“get up a company.” In consequence of the funds mostly being 
used by those who had not the greatest pecuniary interest in the suc- 
cessful development of the mines, and, also, owing to the fact that 
most of the work was undertaken before the occurrence of the metal, 
and the proper system of mining, were well understood by anybody, 
a large proportion of the $100,000 was not judiciously expended. 
Although none of the mining enterprises have proven successful, they 
do not demonstrate, by any means, that valuable deposits of native 
copper do not exist in the district, or even that one or two of the par- 
tially developed mines may not yet economically produce considerable 
quantities of copper. It usually requires but a very inconsiderable 
outlay of money or labor to demonstrate the general character of a 
deposit. After this has been accomplished, in any future attempt at 
mining, I would most strongly recommend that some extensively 
known, and universally recognized, thorough mining expert, one who 
has had experience with the copper deposits of Michigan, be employed 
to examine, and report upon the proposed mine. Better pay a few 
hundred dollars, and have your mine properly condemned, if need be, 
at the outset, than to expend many thousands and finally condemn it 
yourself. 

Character of the Metalliferous Deposits. Metallic copper occurs 
under the following conditions in Douglas county: 

1. Indiscriminately scattered through belts of epidotic and calca- 
reous rock of various thickness, and lying usually with the bedding 
of the formation, as at the Percival mine. 

2. Irregularly disseminated fine particles of native copper in the 
layers or beds of diabase, as at the Fond du Lac mine. 

3. In true fissure veins, as at the Wisconsin mine. 

I have noticed indistinct indications of contact deposits at Black 
river falls, and on Middle river, between the eruptive rocks and 
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breccia or sandstone. As these deposits are of great importance in 
Michigan, I would suggest to explorers to hereafter carefully search 
for them. Another locality in which to search for contact deposits 
is along Moose river, and to the west of that stream, at the junction 
of the crystalline rocks and overlying and interstratified conglom- 
erates. 

One consideration which will probably be found somewhat unfavor- 
able to mining enterprises in Douglas county, especially upon fissure 
veins, may be mentioned in this connection. The layers or beds of 
uniform rock, apparently, have no very great thickness, but differ 
considerably in lithological characters. A vein, therefore, in passing 
from one to another, will doubtless be found to be somewhat irregu- 
lar. In this respect, the beds of Douglas county strikingly resemble 
those of Isle Royale. 


History and Descriptions of the Douglas County Capper Mines. Through the 
kindness of several of the old settlers of Superior City, Mr. James Barden in particu- 
lar, and of some of the officers of the various mines, I have been able to collect many 
interesting and important facts in regard to the history of each location. These will be 
included and blended with my own observations from a recent personal examination of 
each location. 

Pre-Historic Mines. Although from present indications, I assume that their work 
was very limited, there is, nevertheless, but little doubt that this district was 
 prospected ” by that strange pre-historic people, whose greatest efforts at mining 
were apparently upon Isle Royale. Mr. Stuntz, of Superior, has informed me that some 
years ago several small pits were found near the upper falls of Black river, and lying 
on top of one of the heaps of gravel and earth thrown out, was a rude and broken 
stone hammer. He also states that long ago he saw indications of pre-historic mining 
two or three miles east of Copper creek. Almost directly across the stream from the 
junction of the eruptive rocks and sandstones on Copper creek, I found a tolerably well 
defined pit three or four feet deep, and six or eight feet long. In the center of the de- 
pression was standing a dead spruce, about a foot in diameter, and under the roots were 
remains of charred wood. In the bottom of the pit, and under a slight covering of soil, 
were many small boulders, two of which, although very rude, had apparently been used 
as mauls. In this conncction, it may be interesting to state that a fine copper knife, 
eight inches long, was found a few years ago on Presque Isle, one of the Apostle 
islands. Mys. Heyward, of Bayfield, has it with her fine collection of minerals and 
antiquities. 

At Black River Falls, the North American Fur Company sunk a shaft a few feet, and 
prospected about the falls considerably during the years 1846-7. Since then there ap- 
pears to have been little or no work done at the locality. A short distance along the 
northeast wall of the cafion from the foot of the great fall, a fine-grained reddish 
brown diabase comes in, which is frequently amygdaloidal. The dip is 46° about 8. 
90° E. In this rock there isa band of amygdaloidal diabase, one or two feet thick. 
The cavities of the amygdaloid are chiefly studded with small acicular crystals of 
epidote, and the rock is quite highly charged with the green and blue carbonates of 
copper. A small amount of galena was also noticed in the vein matter, which induced 
me to make an assay for silver. A distinct trace was found. A trace of silver was 
also found in a sample of the debris piled up upon the bank near the head of the falls. 
Galena was also noticed in this. 
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Copper Creek Mine. This mine ia located on the west half of the 8. W. qr. of Sec. 
14, and the east half of the 8. E. qr. of Sec. 15, T. 47, R. 14 W., comprising 160 neres 
The North American Fur Company, in the years 1846-7, sunk four shafts on this loca- 
tion, which appear from soundings to be 28 ft., 28 ft., 46 ft., and 35 ft. deep, respectively. 
So fur as I was able to determine, they do not appear to be on a vein, or even a metallif- 
erous bed. This tract of land, immediately after the government survey in 1855, was 
secured, after a litigation with the Fur company, by J. H. C. McKinney. From him it 
passed with one intervening title, to Gen. Geo. B. Sargent, of Davenport, Towa, and 
Jas. O. Sargent, of Boston, Mass. Explorations were made by the latter gentleman in 
the fall of 1863, with such encouraging results that a company was organized to mine 
for copper on an extensive scale. During the years 1864-5, a large force of men was 
employed, and about $50,000 expended on the location, Considerable surface explora- 
tion was carried on, three shafts were sunk, and drifts were min in various directions, 
generally from the bottoms of the shafts. The aggregate depth of shafts sunk was 
about 190 fect, and the length of drifting about 260 feet. The surface indications were 
considered good, but, as there is no trug vein, the deposits, of course, were found very 
Irregular. It was supposed that there were three distinct veins. A perpendicular 
shaft was sunk at the junction of the forks of the creek, to strike one of the hypotheti- 
cal veins, which was supposed to be exposed on the surface to the west of the shaft, 
and to apparently dip towards it. As the lode (2) was not struck at a depth of 60 feet, 
a drift was run towards it at a distance of about 40 fect, and then to the north 15 feet. 
It is needless to state that no ‘vein’ waz found. A drift was also ran from the bot- 
tom of the shaft 15 feet to the east, but without striking a ‘‘vein.'* The rock which 
came out of the shaft is very amygdaloidal, soft and earthy, and decomposes with 
exceeding rapidity. A large amount of very epidotic rock, quartz and calcite, carrying 
more or less fine shot copper, were also taken from the shaft and drifts. The other 
shafts, tunnels, and drifts, afforded no more encouraging results than those first 
described. One of the shafts is located about 100 feet south from the junction of the 
forks. A large amount of quartz, carrying small flakes of native copper, came from 
this shaft, which would seem to indicate the presence of a quartz vein. However, I 
saw no surface indications to warrant such a supposition. The third shaft is located 
about 400 feet northeast from the forks of the creek. It was sunk upon a bedded 
‘epidote vein,’ which is two fect wide on the surface, where it appears at the mouth of 
a tunnel, 50 fect long, run to intersect the shaft. The dip is about 50°S. E. In the 
shaft, above the water, a clay-like material, somewhat reddish, probably derived from 
laumontite, composes the ‘“‘vein,’’ about four inches wide. Epidote is found in the 
walls about a foot either side of the vein, and grades into amygdaloidal diabase. These 
shafts are all filled with water to very near the surface. The buildings belonging to the 
location are now so thoroughly decayed as to be entirely worthless, The wagon road, 
which was constructed to Superior City, thirteen and one half miles, since the abandon- 
ment of the mine, has become impassable for teams. 

Fond du Lac Mine. This location comprises the N. E. qr. of Sec. 8, T. 47, R. 13 
W.—160 acres. The land was purchased from the government by A. A. Parker and 
C. Kimball, both mineral explorers from Ontonagon, Micbigan. In 1855 a company 
was organized under the general laws of Wisconsin, with local officers residing at Supe- 
rior, and with a subscribed capital of $50,000. W.S. Crowell, from Michigan, was 
appointed superintendent, and a regular force of miners was employed during 1856-7. 
During this period there was expended about $12,000 in sinking two shafts upon what 
the company supposed to be a ‘‘ well-defined vein."’ The depth reached was 40 feet in 
one shaft, and 60 feet in the other. The operations at this location were suspended 
‘on account of the financial crisis in 1857,"° and have not been resumed. The shafts 
are nearly one-fourth mile apart. The one near the road leading from Copper creek to 
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the Wisconsin mine, has an inclination of about 40°, S. 30° E. The debris consists 
largely of a pinkish, dark-gray diabase, often containing minute flakes of native copper, 
which, I conclude from the indications about the shaft, came from the foot wall of an 
epidotic belt. The hanging wall is mainly gray amygdaloidal diabase, containing no 
copper. The vein stuff is very epidotic, but contains no copper. <A determination of 
copper from a selected specimen of the foot wall, gives me less than one-fourth of one 
per cent. The rock from the second shaft is chiefly amygdaloidal. A small quantity of 
epidotic rock, and small pieces of coarsely crystallized calcite were noticed with the de- 
bris. Copper was only found in diabase from the foot wall, and in quantities nothing 
like sufficient to induce a re-opening of the mine. This mine was opened with the idea 
of finding mass copper. It was supposed that it was only necessary to open a mine 
almost anywhere in the crystalline eruptive rocks, in order to develop a lode which would 
produce large massesof pure copper. The shafts at this location are nearly full of water, 
which renders their interior exploration impossible. The buildings have decayed and 
tumbled down. 

Wisconsin Mine. This mine, locally known as the Edwards Mine, is in the N. FE. 
qr. and the S. KE. qr. of Sec. 2, T. 47, R. 138 W., comprising 320 acres. A company, 
composed of James Edwards, J. Mallory, J. V. V. Platto, J. W. Cary, J. A. Noonan 
and A. Finch, was organized in the spring of 1863, under chapter 331 of the general 
laws of Wisconsin for that year, having the name of the ‘ Wisconsin Copper Mining 
and Smelting Company," with a capital stock of 20,000 shares, of $100 each. A regu- 
lar and well-defined fissure vein, from four to six feet wide, was found in this location, 
and the shafts were sunk on it between 300 and 400 feet apart. Work was commenced 
in June, 1863, under the direction of Capt. Jas. Edwards, and continued for nearly a 
year. About $14,000 was expended, when the work ceased on account of lack of funds. 
The owners of the location are confident that it is mch in copper, and that it only 
requires skill and capital to develop it. The vein is composed of an epidotic rock, car- 
rying a considerable amount of crystalline and drusy quartz, with prehnite and granular 
calcite. 1t carnes a considerable quantity of shot and nugget copper. Nuggets weigh- 
ing from one to fifteen pounds are frequently found. In sinking one of the shafts toa 
depth of fifteen feet below the surface, a half ton of copper was taken out. One of the 
shafts was sunk to a depth of 58 feet, and the other 72 fect. The vein trends nearly 
N. E. and 8. W., and dips about 75° N. W. The country rock is amygdaloidal, and is 
very uniform over an area of several acres. The base of the rock is rather soft, dark 
brownish and granular to compact. The amygdules are prehnite, calcite, and an 
altered prehnite. Often the cavities are studded with quartz or epidote crystals. The 
shafts, now nearly filled with water, are very large, being seven feet wide, and ten 
long. The wagon road to Superior, cight and one-half miles distant, is in very good 
condition, but the buildings at the mine have been destroyed. 

This location, being upon a true vein, as is known from the polished and striated 
condition of the walls, and the well marked selvages, I regard as the most desirable 
piece of mining property in Douglas county. It ought to be prospected still farther. 
At least, levels ought to be run on the vein from the shafts. A simaJl expenditure 
would do this much. 

In this connection it may be interesting to note the cost of sinking the shafts, or run- 
ning the levels or tunnels. The average cost per foot of sinking the shafts and running 
the drifts at Copper creek in 1864-5, was $56. At the Fond du Lac mine in 1856-7, 
the cost per foot in sinking the shafts was $120, and it cost to sink the shafts on the 
Wisconsin location in 1263, $107 per foot. It may be observed that these figures are 
extraordinarily high. At the present time (1877), numerous contracts are taken in 
various mining districts of Colorado, some of which are vastly more inaccessible than 
was the Copper Range of Douglas county, for sinking shafts and running tunnels, in 
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much harder rock than the diabases of Wisconsin, and at a price a good deal less than 
half the sum it cost the Wisconsin companies. 

The Percival Mine. This location, named in honor of J. G. Percival, the eminent 
scholar and geologist, comprises the north half of See. 27, T. 48, R. 10 W.— 3290 acres. 
It was owned principally by the lute Gen. Geo. B. Sargent, of Duluth, Minnesota, who 
was also the owner of over 11,000 acres of mineral lands upon tne Copper Range of 
Douglas county. Work was commenced on this location in September, 1873. The 
mine was visited September 8Oth, by the geological party, at whch date a force of eight 
men were employed in tracing the ‘‘veins.". Mr. E. McNair, who was largely inter- 
ested in the location, was upon the ground and greatly assisted the geological party. 
Owing in part to the bad condition of the roads, and the consequent difficulty of ob- 
taining supplies, but very little work has been done on the mine, not enouzh, in fact, to 
warrant me in drawing definite conclusions in regard to the character of the deposits. 
The owners claimed to have four parallel “ veins,’ separated from each other by 50 or 
10) feet, and trending nearly east and west, There are very few natural exposures in 
the vicinity of the mine, nearly the whole range in this locality being covered with a 
slight coating of drift. The country rock in proximity to the “ veins,” is a dark gray 
granular diabase, often having a pinkish tinge, and occasionally contains amygdules 
of prehnite. 

“Vein” No. 1 is the most southern of the series of metualliferous deposits, and con- 
sists mainly of a caleareous and laumontitic gangue, containing small quantities of the 
carbonates of copper, derived from the native metal, and occasional nugeets of metallic 
copper weighing from one to seven pounds. From the indications about several shallow 
test pits sunk along the line of this so-called vein, it is probable that a number of sur- 
face impregnations were struck instead of a vein being followed. 

“Vein’’ No. 2 I regard as merely a vein-like impregnation. Several pits were sunk 
in tracing it, and a shaft was put down 15 feet, at a point supposed to be the junction 
of a Jeader with the main vein. Here the dip is about 45° N., and the impregnation 
has a width at the surface of only two inches, while at the bottom of the shaft it is in- 
distinctly fifteen inches. Shot, and strings of native copper are found in the ‘ vein- 
stone,’ of epidote and quartz, which grade into the walls. A determination of the 
amount of copper in a carefully selected average sample of the epidotic rock gave me 
2.61 per cent. 

‘““Vein"’ No. 3 is fifty feet north of No. 2. Itis a belt of the common epidotic 
altered amygdaloid, with impregnations of copper in the walls. More work has been 
done upon it than upon all of the other deposits. It has been followed about 2,000 feet. 
The gangue is a quartzose epidotic rock carrying shot and nugget copper. Several 
nuggets weighing over twenty pounds each have been taken ont. An analysis of what 
was regarded as a fair average sample of a pile of the vein stuff, gave me 3.50 per cent. 
of copper. Of course I do not intend to assert that the entire vein will average that 
amount. The country rock is a dull ash colored diabase, very amygdaloidal. The 
amygdules are chiefly prehnite and calcite. Two shafts have been sunk, 300 feet apart, 
each to a depth of thirty or forty feet. The bed is from twenty to forty inches wide and 
dips about 40° to the south. It grades somewhat into the country rocks. 

‘Vein’ No. 4. But very little prospecting las been done upon this. If metallic de- 
posits are found here they will probably be impregnations. Work was discontinued 
upon this location in December, 1873, and has not been resumed. ‘‘ Hard times’’ was 
the alleged cause for the discontinuance. Several thousand dollars were expended upon 
this mine, and buildings suitable for the accommodation of forty men were erected. 
Upon a reéxamination of the location in the spring of 1877, the buildings were found 
to be in good condition, but as the shufts were filled with water, and no additional 
stripping or test-pitting had been done since my former visit, very little additional in- 
formation was obtained. 


362 GEOLOGY OF THE WESTERN LAKE SUPERIOR DIETRICT. 


From the present facts accessible to me, it is impossible to condemn or approve the 
mine. If copper shall hereafter be proven to exist in quantities sufficient to remuncrate 
the expense of mining it, the indications ave that it will be found in the vein-stone as 
‘*stamp-work."’ ‘The facilities for conveying the ore from the mine to the Brule, only 
one mile distant, and working it with stamps, are particularly noticeable. The 
descent from the mine to the river is gradual, and about 200 feet. The expense, 
therefore, of conveying the ore to the river and working it under stamps, which should 
be run by water power, would be merely nominal. ‘The soil upon the range in the 
vicinity of the mine is excellent, and the timber, consisting of sugar maple, oak and 
birch, exists in great abundance. 

How and where to search for deposits of copper. Jt is not at all improbable that 
much more valuable deposits of copper exist in the cupriferous series of Douglas and 
Bayfield counties, than have yet been discovered. Exposures of the rock in which these 
deposits may be expected to occur are rarely met with except in the vicinity of the 
streams, so universal is the distribution of the drift. In many places, however, upon 
the range of Douglas county, the drift is light, and might readily be removed, at any 
point where there are indications of a deposit in the underlying rocks. Of course such 
indications are difficult to discover. They may sometimes be found by tracing pebbles 
and fragments of rock, found in the channels of small streams, or in the drift, in their 
origin. If the indications are found in the channels of strcams, or dry runs, the water- 
_course must evidently be followed up, if in the drift; always remember in tracing them, 
that the movement of the drift was from the north or northeast. 

It is known that deposits of metallic copper usually occur in belts of rock, having an 
unusually large amount of the magnetic oxide of iron. It is said that explorers in the 
Michigan copper districts frequently take advantage of this fact, and carefully watch 
the magnetic needle. At localities where the local attraction or variation is greatest, 
they make careful and minute examinations, From personal observations, I am unable 
to state whether or not this can be relied upon. 

By referring to the geological map of this portion of the state, it will be observed that 

all of the mines and all of the reported ‘‘ veins,’’ except that at the upper falls of Black 
river, which was a small impregnation, are within one-half mile of the line of junction 
of the eruptive rocks and the Lake Superior sandstones. The most favorable known 
belt, then, for the occurrence of metalliferous deposits, is from the sandstones about a 
half mile to the south, along the northern face, and on the summit of the range. A 
belt 2,000 feet wide will include nearly all of the known deposits. 
- I would also suggest that careful search be made very close to the sandstones, in fact, 
between them and the erystalline rocks. Deposits of metallic copper may be discovered 
almost anywhere south of the sandstones in Douglas or Bayfield counties. An almost 
totally unexplored, and very inviting ficld to the explorer, is along Moose river, and in 
the townships to the west from it. The drift is not heavy in this region, and many 
small copper boulders are found to the south of it. Conglomerates and sandstones 
overlie the eruptive crystalline rocks, which are doubtless the equivalents of the Isle 
Royale copper-bearing beds. and of the great beds, in the other side of the synclinal, in 
which the vast deposits of Michigan are found. 
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INTRODUCTION. 


The greater portion of the data upon which the following report is 
based, was gathered by the late Moses Strong, in the years 1876 and 
1877. In the former year, a belt extending from St. Croix Falls, 
on the Minnesota border, northeastward to the watershed of Lake 
Superior, was examined by him, and in the spring of 1877, he inves- 
tigated a triangular area lying between this belt and the territory ex- 
amined by Mr. Sweet on the north. With the exception of the sur- 
face description of the townships, which will be found included in 
this report, his notes at the time of his lamented decease had not been 
wrought into a formal report. These notes form the main basis of 
this report. It is to be borne in mind that all geological field notes, 
however well taken, are more or less provisional in their nature and 
abbreviated in expression; and in their elaboration into a final report, 
the memory of the observer, aided by subsequent study and reflec- 
tion, plays an important part; and practical geologists will appreciate 
the difficulties of preparing a report on the basis of another’s notes. 
In the present instance, the nature of the formation increases the 
difficulty. The rocks of the region are largely fine-grained crystalline 
species of igneous origin, modified by subsequent chemical and molecu- 
lar changes, so that it is quite impossible, in many cases, to determine 
their exact nature by simple inspection in the field. Only careful 
chemical and microscopical examination, subsequently, in the labora- 
tory, is competent to decide many questions, and hence the use, for 
the time being, of provisional terms and conventional phrases is well 
nigh a necessity. No one can interpret these in the light of subse- 
quent study so well as the observer himself. An additional embar- 
rassment arises from the fact that it was impracticable to take speci- 
mens from all outcrops examined, much less a full suite from the 
different layers or varieties of rock in a given locality. The territory 


1The circumstances attending the death of Mr. Strong, while engaged in the active 
presecution of the survey, may be found in the annual report f or 1878, pp. 11-13. 
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belongs to the great forest region of northern Wisconsin, in which 
the only practicable means of exploration is by traveling on foot, and 
packing tent, provisions, instruments and specimens on the back. 
Under these conditions, it will be at once evident that the number of 
specimens was necessarily limited, when it is stated that, in 1876, when 
the larger part of the field work was done, the party left St. Croix 
Falls on the 15th of July, and only reached Lake Superior on the 23d 
of September, having traveled on foot, the most of the time under 
burden, over one thousand miles, with but a single opportunity to 
send out specimens. 

Notwithstanding these difficulties, it has been the hope and en- 
deavor of the writer to so compile the observations that they shall 
stand as an additional monument of the merit of his deeply lamented 
associate. | . 

The specimens collected have passed under the skillful hands of 
Prof. Pumpelly, and a portion of them have been sliced and micro- 
scropically examined by him, and this has been of inestimable value 
in the preparation of the report. 

Tor the purpose of becoming somewhat familiar with the general 
aspect of the region, of adding some new data, and of verifying some 
points of doubt, the writer has twice briefly visited the district since 
he began the study of Mr. Strong’s notes. During these he was much 
aided by Mr. D. A. Caneday, who was Mr. Strong’s assistant, and 
whose verbal descriptions have been of important service. 


T. C. C. 
Betoir Cotiece, July 237, 1879. 


GEOLOGY OF THE UPPER ST. CROIX DISTRICT. 


CHAPTER I. 
SURFACE FEATURES 


Topography. The district about to be considered may be conven- 
iently described as including that portion of the basin of the St. 
Croix river which lies north of township 31, except, of course, that 
part which is included in the adjoining state of Minnesota, and a 
small area on the northern border included in the district already 
described by Mr. Sweet. It is mainly embraced within the counties 
of Polk and Burnett, but the extreme northwestern corners of Barron 
and Chippewa, the southwestern township of Ashland, and the sonth- 
ern margin of Douglas counties, are also included. But as these 
are mainly new and large counties, whose boundaries are liable to be 
soon changed, little reference will be made to them in this report; 
and the region will be discussed, either on the basis of its natural 
topographical relations, or, where greater precision is desired, recourse 
will be had to the more permanent and systeinatic artificial divisions 
found in the township system. 

The district constitutes an elongated area, having a N. E. and S. 
W. trend, embracing about 3,000 square miles. The channel of the 
St. Croix river runs along, or near, the northern margin, and, at 
length, the western, so that the immediate slope of the surface is for 
the greater part northwestward; at the same time, the inclination and 
discharge of the valley is toward the southwest and south. This, 
while not an especially unusual feature, is a departure from the sym- 
metrical slopes of an ideal river basin. 

It would scarcely merit mention, however, except for its geological 
relations and significance. It is a somewhat singular and quite inter- 
esting fact that the St. Croix river takes its origin within the area of 
the stratigraphical trongh of Lake Superior, and discharges into the 
broad synclinal basin that stretches southward into Minnesota and 
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beyond; and it is also interesting to note, more precisely, that, in its 
upper portion, the St. Croix channel lies very nearly in the axis of 
the Lake Superior stratigraphical trough, and that, in the southern 
portion, it likewise lies near the center of the broad depression of the 
strata that extends for an undetermined distance southward, though 
in the latter case it is impossible to speak with exactness, owing to 
the breadth of the trough and the presence of minor undulations 
within it. It is probable that it lies somewhat east of the main axis. 
It will be observed that the upper portion of the valley of the St. 
Croix trends southwestward, while the lower course is nearly due 
south.’ If we project the upper course to the northeast, it will coin- 
cide with the major axis of Lake Superior.’ I£ we likewise extend 
the axis of the lower valley, it will approximately coincide with the 
broad stratigraphical valley of southern Minnesota. It appears that 
the axes of these two synclinal troughs approach each other quite 
obliquely near the middle of the St. Croix valley. The low ridge in the 
basal formations which separate these two basins, appears to cross the 
valley of the St. Croix near the southern limits of the district under 
consideration. The division of the region into the upper and lower 
St. Croix districts, therefore, while geographically arbitrary, has, 
geologically considered, profound significance. The upper St. Croix 
district, though a portion of the Mississippi drainage systein, is geo- 
logically associated with the formations of the Lake Superior region. 
Indeed, our district may be defined as that portion of the Lake Supe- 
rior geological basin that lies within the Mississippi drainage basin. 

In the preceding reports, it has been made sufficiently clear that 
the copper-bearing or Keweenaw beds of Lake Superior are deeply 
depressed along the central line, and that the upturned edges form the 
ridges on either side of the great lake. It is the southern edge of the 
strata thus upturned that forms, approximately, the southeastern 
watershed of the St. Croix basin, and it is the slope of these strata to 
the northwest that appears to determine the surface inclination in 
that direction already alluded to. While this may seem to afford a 
very evident and satisfactory explanation of the slope of the sides 
toward the axis of the trough, it leaves unexplained the fact that the 
St. Croix river flows away from, instead of toward, the great strati- 
graphical basin occupied by Lake Superior, and that the area now 
belongs to the Mississippi drainage system. The anomaly which this 
seems to present will largely be removed, when we consider that, sub- 
sequently to the formation of the Lake Superior basin by the flexure 
of the copper-bearing and earlier strata, the Silurian sea advanced 
from the south, and eroded and overwhelmed the rim of the basin — 
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in the St. Croix region —and deposited over the whole the Potsdam 
sandstone, forming @ new surfuce, which doubtless sloped seaward ; 
t. ¢., toward the Mississippi basin. We have no postive knowledge 
that any marine deposits later than the Potsdam were ever formed 
over this region, but there is much indirect evidence making it prob- 
able that such was the case. This subject will be discussed elsewhere 
All that concerns us here is the explanation of the topographical fea- 
tures which the region now presents, and for that purpose the above 
fact is sufficient. 

‘When the sea retreated after having covered the region with Silu- 
rian strata, the drainage would naturally follow it, and, having once 
established its channel in the surface strata, would remain permanent 
without regard to the nature or dip of the underlying beds." There 
are many similar anomalous features in the drainage systems and the 
resulting topography of the Lake Superior region, to which a similar 
explanation is applicable. 

This explanation dues not apply, however, to the immediate chan- 
nel of the St. Croix river, for it is clear that that was formed after the 
glacial period, and its epee/ul course was determined largely by drift 
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accumulations; but there seems to the writer no sufficient evidence for 
believing that the basin, as a whole, was of clacial origin, and it is cer- 
tainly not post-glacial. The later drift movement was across the valley, a 
direction not favorable to its excavation. We cannot speak positively as 
to the glacial course in the earlier portion of the ice period, for the 
grooving and fluting that remain are the Zust that was impressed on 
the rocks, and it is possible to suppose that at an earlier stage the 
movement might have been in a different direction. There is, how- 
ever, a total absence of evidence that such was the case, and a like 
want of evidence that any profound erosion was accomplished by the 
drift agencies, either earlier or later. As will hereafter be seen by 
the perusal of the detailed descriptions, one of the most marked and 
common forms of the outcropping ledges, consists of a serrate outline 
or a stair-like arrangement of the strata, each massive bed of eruptive 
rock forming a step, presenting an inclined surface in the direction of 
dip and an abrupt face in the opposite direction, as shown in the pre. 
ceding figure, which is a fae simile of a profile taken by Mr. Strong. 
Vou. II.— 24 
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The drift groovings and flutings strike across these steps, and yet 
the glacial agencies were manifestly too feeble in abrading power to 
vevel the projecting edges of the strata to a common plane; how 
much less, then, to excavate the St. Croix basin. If, at an earlier stage 
in the glacial period, the movement of the abrading ice was parallel 
to the valley, and hence to the strike of the step-like projections, it 
may fairly be supposed to have left some traces of the fact in a longi- 
tudinal fluting and abrasion of these, since the conditions for pres- 
ervation are exceptionally favorable; but no such traces have been 
observed. Moreover, it would be all the more remarkable that abrupt 
prominences, such as abound in the southeastern part of the valley, 
should remain, if the region had been subjected to a cross filing at the 
hands of successive glacial rasps. We are not concerned here with 
the general question of the competency of glaciers to excavate broad 
and deep valleys under favorable circumstances, which, at present, we 
are rather inclined to accept than dispute, but with the simple ques- 
tion whether or not the St. Croix va.ley owes its origin to glacial 
agency; and this we are compelled by the evidence to answer in the 
negative, so far as the general features of the basin are concerned? It 
appears from the data at command that, while the older formations 
had previously undergone much wear, the definite excavation of the 
St. Croix basin by its own drainage did not commence till after the 
Potsdam period — not until about the Devonian age, in the judgment 
of the writer —and that it was well advanced at the commencement 
of the glacial period;' that during that period, it was both eroded and 
filled; but, lying in the main out of the great channel of glacial flow, 
it gained in material rather than lost;? was more filled than excavated; 
and that the ininor topographical features and the special channels of 
the streams are of glacial and post-glacial origin. 

Minor topography. If we descend to a more special study of 
the superficial contour of the district, we shall find it presenting 
nothing bold and striking; while, on the other hand, it is not without 
something of diversity. Its surface types may mainly be gathered 
into three classes: (1) the level areas, (2) the rolling and swelling hill 
districts, and (3) the knoll and basin combination. 

The first includes the so-called “barrens,”? which border the larger 


*Gen. G. K. Warren has attempted to show (Am. Jour. Sci., Dec., 1873) that the 
Mississippi valley above the Ohio has been formed ‘‘since the deposition of the glacial 
drift." While this may be true of the upper portion in Minnesota, it is, I think, 
demonstrably not true of the portion lying on the border of Wisconsin. 

* This opinion is expressed only of the restricted district under consideration, and prob- 
ably may not be true of the northwestern border of the area drained by the St. Croix 
river, since that lies more nearly within the main drift channel. 
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streains, and some elevated plateaus, together with smaller scattered 
areas. The third class may be described, in general terms, as a belt 
lying near the southeastern watershed, and stretching from the vicin- 
ity of Lake Nemakagon southwestward to the St. Croix. The second 
class includes most of the territory that remains. 

There are also some very limited arcas where the projecting strata 
give to the surface their peculiar clifhand-slope contour, and others 
Wherein river terraces are a conspicuous feature. Details in respect 
to topography may be found on subsequent pages, in the township 
descriptions left by Mr. Strong, and to some extent under the head of 
QJuaternary Formations, Concerning these special details of surface 
contour, it is to be remarked that, in the main, they are not pri- 
marily due to drainage erosion, although they have been somewhat 
modified by it. @When a surface has been carved out simply by sur- 
face wear, it presents a complete system of drainage channels, which 
usually gather themselves together in regular dendritic symmetry, 
and the surface has a correspondingly methodical contour.4 All its 
features are readily traced to the carving agency. There is, from the 
nature of the case, an absence of lakes and marshes, except in the river 
buttoms. This is beautifully exemplified in the driftless region. Dut 
in the upper St. Croix district, the surface is such, ia many instances, 
as could not be produced by surface drainage. There are thousands of 
depressions whose excavation cannot be explained by the action of ordi- 
nary surface streams. Several hundred of these are occupied by lakes 
Without inlet or outlet. See Atlas maps AIX and XX. Desides these 
decisive features, the configuration of the hills and valleys is such as to 
indicate to the practiced eye some other agency than simple sub-acrial 
erusion. This is true more especially of the second and third classes, 
which may be said, for want of a better term, to present a drift or 
glacial topography; the second being the more common form for 
wide-spread drift deposits, while the third presents a less usual 
morainie contour. The first class we shall find reason to attribute to 
the action of surface waters, acting under special conditions. 

Altitudes. Concerning the altitudes of the district, our data is 
quite imperfect. The field party of 1876, by whom most of the 
exploration was performed, were in the woods continuously from the 
15th of July to the 23d of September, without once having an oppor- 
tunity to refer to any point whose elevation was known; and being, 
on the average, about 75 miles distant from any point where system- 
atic observations were being taken by a stationary barometer. It is 
impracticable, under such circumstances, to secure trustworthy results 
with an aneroid barometer. 
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The only railway traversing any portion of the upper St. Croix 
basin, is the Lake Superior & Mississippi R. R., in Minnesota, the 
elevations along which are given in the First Annual Report of the 
Geological and Natural Ilistory Survey of Minnesota, 1872, p. 49. 
Along this line the altitudes, above Lake Michigan, vary from 317 feet 
at Wyoming Station, opposite St. Croix falls, to 556 feet at the sum- 
mit within 33 miles of Lake Superior. Mr. Sweet gives the water- 
shed between the sources of the St. Croix and Brulé rivers as about 
445 feet. 

The St. Croix river below the falls at low water is about 52 feet above 
Lake Michigan, making the entire fall of the river within the district 
about 393 feet. Some of the tributaries on either hand, however, have 
a greater descent. 

Drainage. sThe total drainage area of the St. Croix river above 
the falls, is 6,000 square miles. It has already been seen that the in- 


“clination of the surface is considerable, and the total fall from the 


watershed to the St. Croix falls quite large. The streams generally 
run briskly and falls and rapids are numerous. Were the surface 
contour entirely subordinate and subservient to the drainage sys- 
tem, as it is in the driftless region, and as it may become here, under 
the wear of ages, the rainfall would be very promptly discharged from 
the district, too promptly for the good of the region, or the safety of 
property in the valley below. There are, however, numerous small 
depressed areas scattered over the district, that have no visible ont- 
ward channel of discharge, and the waters collected in these, either 
sink into the earth or return to the atmosphere through evaporation. 
In many of these cases, the open nature of the drift in which they 
are situated, doubtless affords a ready passage for the accumulated 
water, not, perhaps, of the nature of a definite underground channel, 
but rather of a porous medium through which the waters percolate 
with facility. @The existence of lakes in such depressions, however, 
unless their surfaces lie at, or near, the common underground water 
level, is to be taken as evidence of an impervious bottom; and the 
varying height of adjacent isolated lakes is to be accepted as satisfac- 
tory proof of the absence of free underground communication of any 
kind. Aside from these basins which have no visible conncction with 
the general river system, there are shallower depressions whose means 
of discharging accumulated waters are imperfect, and which, there- 
fore, become marshes or lakes. There are some extensive cranberry 
marshes in the town of Marshland and elsewhere, and tamarac and 
ecdar swamps abound in certain sections. On the whole, however, 
marshy tracts are less prevalent than might be inferred from the un- 
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usual number of Inkelets, these having toa large extent steep, dry 
shores, with little associated marsh. The number of lakes visibly 
connected with the river systein is large, though it probably does not 
include half of those embraced in the district. These, in their nat- 
ural state, have performed a very important funetion in regulating 
the drainage discharge of the region by acting as reservoirs, tempo- 
rarily staving the too rapid rush of floods. This funetion has been 
considerably increased by the ereetion of dams on their outlets in the 
interest of lumbering. These dams are closed so as to retain the 
floods as much as possible, and are subsequently opened gradually, so 
as to discharge the accumulated waters as they may be needed to main- 
taina “driving stage ” of water for floating out the logs. This check- 


ing and regulation of the floods affect, of course, the whole stream 


beluw, even as far as the gulf, though with continually diminishing 
effects. In the future development of the region, these lake reser- 
voirs are competent to play amuch more important part. The St. 
Croix river and its tributaries offer very large water power facilities. 
These, though not now utilized, will, in the judgment of the writer, 
be called into requisition in the not distant future; and to give 
steadiness and reliability and freedom from damaging flooda, a well 
revulated reservoir system is indispensable. A further important 
advantage to be derived from such reservoirs, will be the mainte- 
nance of a more uniform stage of water in the Mississippi, thus 
greatly facilitating its navigation. 


If all the lakes on the headwaters of the Mississippi were utilized 


as storage basins, and drawn upon during low stages of water, a very 
large advantage both to water powers and navigation would result. 
A secondary eflect would probably be the transportation down stream 
of less sand and silt, whose accumulation in the river channels forms 
the most serious permanent impediment to navigation. 

The water of the region, owing to the fact that it passes almost 
exclusively over trappean rocks and sandstones, and the drift derived 
from them, is generally quite soft, and contains but a small percent- 
ave of mineral ingredients. It is usually amber colored, from the 


presence of organic coloring matter. The water of many of the 


smaller streams is pure and cool, and abounds in brook trout. Below 
St. Croix falls, the Potsdam sandstone is calcareous in certain hori- 
zons, and near Osceola, is capped with Lower Magnesian limestone; 
and from these sources calcareous, magnesian and other salts are 
derived by the waters percolating through them. The water, thus 
charged, on reaching the face of exposed cliffs, usually deposits a por- 
tion of the lime and magnesia held in solution, forming travertine, or 
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caleareous tufa. This deposit is common along the cliffs bordering 
the river, especially in the vicinity of Osceola, where it is burned for 
lime. At some points the deposit has taken the form of a coating of 
vegetation, especially moss, which is then popularly termed, not with 
strict propriety, petrified moss. 

Springs issue quite frequently from the Potsdam sandstone of this 
vicinity. One of these has attracted considerable attention, and a 
commodious hotel has been erected in its vicinity to aczommodate 
those who resort to it for its hygienic and remedial effects, It is 
known as the “ S¢. Crove Mineral Spring,” and is beautifully situ- 
ated on the east bank of the St. Croix river, about a mile and a half 
below the village of Osceola Mills. Its horizon is about 100 fect below 
‘the top of the Potsdam series. An analysis of the water, by Dr. J. 


VY. Z. Blaney, gives the following results: 
Grains in 1 gatlon., 


Chilorid@-OF sod iiiitncacsy 55 5ew Sd ele ee eee week Re cae eae be 053 
Dil plate OF BOA, .cwewtencetetessegeh eae e Aer qu vwaesuasemet Were o2t 
Bi-carbonate of soda........cccc cece cece ccc c cece cecencecavccesece 7H 
Bi-earlomite Of lieve nae kdeoea eek bode vee eeu Axe ewes ees 11.193 
Bi-carbonate of WAGHCSIA. <2 <ds oo see lakeasaeehides horheasee enews 7.248 
Tron: Ang WiiWii ies sss 5s ae eee eee a ea een Rebates 492 
Si CRa eS lea et ses ak Sao Sew bak Saw a le ee et reeks wees ohiedeee. -265 
OLeanie Matter: sacs ees ee heen ee tatcere tat ea es dew wee ete eea aie a trace 

4 Oi 1 RRC eC NaS OO Ee Te OO Pee ere REP 20.565 


Lakes. In addition to what has been said of the lakes of the 
region as an element of the drainage system, and in addition to the 
fact already sufficiently indicated, that more than one-half of them 
are without visible outlet, it may be remarked that they form in the 
inain two classes, in respect to their topographical situation and sur- 
roundings. The one class are sunken in the surface of the level areas 
previously mentioned; the other occupy depressions in broken, hilly 
belts. There are a considerable number of lakes, however, that do 
not clearly belong to either of these classes, but, compared with the 
vastly larger number which do, they cannot be said to form a very 
important exception. By examining the atlas maps, areas J and K, 
plates XIX and XX, it will be seen that the lakes are grouped into 
two main belts, stretching N. E. and 8. W. One of these lies imme- 
diately southeast of the upper St. Croix river and parallel to it, from 
its headwaters to its turn southward. The lakes of this belt lie 
mainly in the sand and gravel plains, known as the “barrens.’? 
While sometimes shallow, in many cases they oceupy abrupt depres- 
sions in an otherwise nearly uniform plain. There are similar lakes 
in some of the level clay tracts. 
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The second belt of lakes is situated in, or closely associated with, a 
range of drift hills and ridges occupying the southeastern watershed 
of the St. Croix valley, and forming a part of the great Kettle 
moraine, a portion of which, with its associated lakes, was fully 
described in Vol. II, pp. 159, 205, 615 et seq. The greater num- 
ber of these lakes occupy depressions in the peculiarly irregular sur- 
face that characterizes that formation, Some, however, are quite 
analagous to the former class in that they occur as basins in level 
areas flanking or included within the range. 

There are other lakes in the district that do not belong to either of 
these classes, and have little that is peculiar or interesting connected 
with them. 

All these are drift lakes; none of the several hundred are known 
to occupy basins excavated from the rock. They are simply the 
aqueous filling of undrained depressions in the drift surface, and as such 
testify to the limited amount of general denudation which the surface 
has experienced since the drift period. They stand as a check against 
extreme views as to the amount of post-glacial erosion, while, on the 
other hand, the excavation of the deep St. Croix channel forbids a too 
incagre view of post-glacial time and its effects. 

Soil and vegetation. The specitic details relating to these sub- 
jects, so far as they were gathered, may be found under the descrip- 
tion of the townships to follow. It is only incumbent here to present 
a few general views. 

The svil of the so-called “barrens” or “plains” is sandy and gen- 
erally poor. It is not uniformly so, however, and, although there is 
an abundance vf hardwood lands to be had at little more than govern- 
ment prices, a considerable number of farms have been located upon 
the “barrens;” and it is stated that of late years there has been an 
increased tendency to settle on these more open and readily reclaim- 
able lands, especially where they are low and near the common water 
level beneath. 

The timber occupying these tracts is peculiar and does not justify 
the application of the term “barrens.”? Some portions are covered 
with serub pine to the exclusion of all else save underbrush. Most 
nearly similar to these are the patches of Norway pine. Other areas 
are covered with burr, black, and even white oak bushes, with occa- 
sional trees of these species. With these are associated the common 
white poplar, or trembling aspen, which is the most widely prevalent 
and abundant arboreous species. Curiously enough, the great toothed 
poplar is not uncommonly associated with it. There are also areas 
where white pine occurs associated with both poplars named; with 
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the three species of oaks — though the burr oak is less common in this 
group — with the soft maple, and with scrub and red pines, forming a 
very strange association of plants that usually seek quite diverse con- 
ditions of soil and moisture. Probably the explanation is to be found 
in the contribution which the diabases and melaphyrs — the prevalent 
crystalline rocks of the region—have made to the soil, by virtue of 
which it is less purely siliceous than most soils of similar physical 
appearance. The agricultural capabilities of these areas are probably 
greater than appearances would seem to warrant. 

Analagous to the “barrens,” are the areas known as “ brush prai- 
rie” and simply “prairie.” These are covered with a scattered 
growth of the shrubs that are usually associated with the more open 
timber of the region, but fully developed trees are absent. On some 
of these “ prairies,’ however, young trees are springing up, and bid 
fair, if undisturbed, to attain the usual size. These have been appealed 
to as examples of prairics returning to furest, since annual fires are 
no longer permitted to ravage the region. So far as these areas are 
concerned, the appeal scems to be well taken, save that we might, 
perhaps, justly dissent from the use of the term “ prairies ” as applied 
to them; for there seems to be no evidence that these ever were 
prairies in the sense of being completely and compactly covered by 
prairie grasses, to the exclusion of all shrubs and stubs of arboreous 
plants, as is the case with true prairies. They rather appear to have 
originally been open forest areas, which, on account of the character 
of the soil, were especially subjcct to dryness, and thus to the destruct- 
ive action of annual fires; while moister adjoining areas escaped. 
On the cessation of the destructive agent, they appear to be returning 
to their normal condition. It will be observed that even under this 
hypothesis, the primary conditions are those of soil and moisture, and 
that annual fires are impotent without them. Otherwise, these so- 
ealled prairies should have covered the whole region, instead of being 
confined to circumscribed areas. While conceding to annual fires all 
the potency that there seems any evidence they ever exercised, 
they do not seem to the writer competent to account for the vast tree- 
less plains of this and other continents. It seems also an open ques- 
tion whether the meagerness of vegetation on the so-called “ barrens ”? 
is not largely due to the repeated fires, which not only destroy the life 
of the vegetation best adapted to such a soil, but also consume the 
dead vegetable matter whose accumulation would otherwise cover and 
enrich the soil. 

The remainder, the greater portion of the region, is covered with 
continuous forest. A considerable portion of this, especially in Polk 
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county, 1s hard wood, and belongs to the group described on page 179 
of volume If. This merges into the mixed hardwood and conifer 
group (p. 180, Vol. If), and this again is replaced by true pine 
forests. 

The svil occupied by the first two classes is of an excellent loamy 
or clayey character, while that covered by pine is more arenaccous. 
When the wealth of forest is removed, there will remain large agri- 
cultural capabilitics. 

The open marshes are divided between the hay meadows and heath 
or cranberry marshes (groups X and XJ, pp. Isl and 182, Vol. IT). 
The former are very important to the lumbering interest, and the lat- 
ter are receiving some culture at present, which will doubtless be 
. much increased in the future. 

The conifer swamps are either an almost impenctrable jungle of 
white cedar, or are covered with taumarac and spruce (classes XIT, ATL 
and XIV, pp. 182 and 183, Vol. 11). In the latter classes, the growth 
is usually densest near the margin, and not unfrequently the center is 
open. These marshes contain large quantities of crude peat, and nut 
unfrequently shell marl. 


BRIEF DESCRIPTION OF THE SURFACE FEATURES, SOIL AND VEGETA- 
TION, BY TOWNSHIPS. 


The following brief descriptions of the surface characters by town- 
ships, are inserted as left by Mr. Strong, almost verbatim: 


Range 8 W. Town 41, This township is very hilly, and covered with drift. It is 
heavily timbered with hard wood and some white pine. There is some good hay 
meadow along Musquito brook. 

Town 42. This town is traversed from section 2 to section 31 by the Nemakagon 
river. On ach side of the river for about a mile and a half is a strip of ‘* barrens,” 
with some Norway pine; the rest of the town is covered with heavy timber and is quite 
hilly. 

Town 43. Thereis astrip of “ barrens” in the southeast part of the town; the rest 
of it is heavily timbered and contains considerable pine. The township is hilly, covered 
with drift. 

Town 44. The township is densely covered with hard wood timber, such as maple, 
white and yellow birch, elm, etc. It is very hilly, and contains numerous cedar and 
tamarac swamps bordered with pine. Outcrops of the Copper-bearing series are quite 
numerous, 

Town 45. The southern part of the township is similar to town 44. The northern 
and weatern parts are ‘‘ barrens,’’ with scattered Norway and jack pins. 

Town 46. Consists entirely of ‘‘ barrens ’’ and sandy soil. 

Range 9 W. Toren 41. The Nemakagon river flows through the town from sec- 
tion 12 to section 33. There is astrip of ‘‘ barrens "’ about a mile wide on each side of 
the river. The rest of the town is heavily timbered with pine and hard wood. The 
land is rolling and hilly. 
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Town 42, The township is hilly and heavily timbered; there are also many cedar 
and tamarac swamps. It is watered by the Totogatig river and its tributaries. The 
township is covered with drift. 

Town 43, This township is rolling and contains a large amount of white cedar, 
spruce and tamarac swamp. It is covered with drift and heavily timbered. 

Town 44. The soutuern and western parts of the town are very hilly and heavily 
timbered; the remainder is occupied by the Eau Claire lakes. The country in their 
vicinity is ‘* barrens.”’ 

Range 10 W. Town 41. In this township, sections 25 to 36 are “barrens,”’ with 
considerable Norway pine. The rest of the township is quite hilly, and covered with 
white pine and hard wood timber. The town is heavily covered with dnift. 

Town 42. This township is quite hilly and heavily timbered, and contains numerous 
smallswamps. The Totogatig river waters the northern portion of thetuwn. In many 
places the soil is quite good, and there is not as much drift as usual; outcrops of the 
copper-bearing rocks are numerous. 

Toin 43. The line between the ‘‘ barrens’ and hardwood timber runs from section 
1 to section 3, following the course of the Totogatig-once river, the ‘‘ barrens’’ occu- 
pying the northwestern half of the town. 

Town 44. This town lies entirely in the ‘‘ barrens,’’ and contains some Norway pine. 
The soil is sandy. 

Range 11 W. Town 37. The western part of the town is hilly. The eastern part 
is more level near Long lake. There is considerable Norway and white pine in the 
western part, and the soil is sandy. In the eastern part there is more hard wood timber 
with clay soil and a few settlers. 

Town 38. The northern portion is well timbered with white pine; in the southern 
part the timber is scattering and ground rolling. The soil 1s poor. 

Town 39. The southern part of the town is well timbered with white pine; the 
remainder consists of ‘ barrens ’’ covered with poplar brush and jack pine, except in 
the central part, where there are numerous swamps and some good hay meadows. 

Town 40. Consists chiefly of pine “ barrens’ and sandy soil. The land is hilly, 
except in the valley of the Nemakagon and its tributaries, where there are some good 
meadows. 

Toren 41. The township is comparatively level, with poor soil. There is some white 
and Norway pine, much mixed with tamarac and cedar swamps. 

Town 42, The south half is timbered with hard wood and pine, and is rolling, rocky 
ground, much covered with dnfts. The north half consists of pine ‘‘barrens’’ and 
tamarac swamps, and is quite level. There are good meadows on Frog creek. 

Town 43. Consists chiefly of pine “ barrens."’ The land is rolling and the soil poor 
and sandy. There is some meadow in the southwestern part. 

Town 44. Consists almost entirely of *‘ barrens.”’ 

Range 12 W.  Toien 37. This town is heavily timbered with pine mixed with hard 
wood, ‘The land is rolling and the soil tolerably good, and contains considerable clay. 

Town 38. The land is quite hilly, and the timber the same as in town 37, but 
less dense. The soil is rather poor. 

Town 39. The town consists mostly of ‘ barrens,’’ with scattcring white and Nor- 
way pine. The land is rolling and the soil poor and sandy. 

Town 40. The town is covered with pine “ barrens,” and a heavy growth of poplar 
brush in the central part, where there 1s some good soil. The land is roliing, with some 
meadow in the southeastern part. 

Town 41. The land is quite level, and consists of tamarac and cedar swamp in the 
south part. The northern part is covered with pine and hard wood timber. The soil is 
poor. 
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Town 42. Consists entirely of serub pine “barrens” and rolling land, except some 
hay meadow near the Totogatig river and about the lakes, 

Town 43, Consists of rolling, sandy land, covered with scrub pine and some groves 
of Norway pine. There is some swamp and meadow land on the south side of the town. 

Renge 13. W. Toes 37. Consists of rolling land, with good soil, and is one of the 
best townships for pine timber on the waters of the St. Croix. It contains considerable 
hard wood mixed with it, 

. Town 38, The south half of the town is hilly, and covered with pine and hard wood 
timber, and sandy soil, The northwestern part of the town is level and has a rich soil, 
covered with brush prairie. 

Toren 39, Consists of pine “ barrens" and scattering groves of white and Norway 
pine. The land is rolling and the soil poor. 

Town 0, Is very similar to town 39, 

Town 41, Contains considerable meadow in the northeast part, and on the south side. 
The rest of the town is quite hilly, with sandy soil and pine “ barrens.” 

Towns 42 and 43, Consist entirely of pine “ barrens"? and poor, sandy soil. 

Range 14.W. Toren 37. Rather hilly land, with good soil throughout. The tim- 
ber consists of a dense growth of white pine and hard wood mixed. ‘The town is 
heavily covered with drift. 

Town 33. The soath half of the town resembles town 37. The north half consists 
of scrub pine ‘ barrens’ and sandy soil. 

Toren 39, The south half consists of brush prairie and good soil, and is mostly 
level. The north half is pine ‘* barrens "and poor soil, with some hay meadow near 
Yellow river. 

Toren 40. Consists of pine ‘ barrens ’* with pine and hard wood skirting the swamps, 
which are numerous, The country is rolling and has many small Jakes. 

Town 41. Consists of ** barrens "’ with a little Norway pine. The country is rather 
hilly and the soil poor. There is but little swamp land, but some hay meadow near 
Webb's lake. 

Toien 42, Consists chiefly of “ barrens” to the St. Croix river. There is considera- 
ble meadow near the streams. 

Range 15 W. Town 35. Consists of rolling land heavily timbered with a mixture 
of white pine and hard wood. The soil is good but rather rough for farming. 

Torn 36. Similar to town 35, and mostly entered for pyne. 

Town 37. Loraine (in part). The town is covered witha dense growth of hard 
wood mixed with some pine. There is a great deal of drift in the town, as indced there 
is in this entire portion of the country. The soil is very good in most parts. 

Toicn 38. The south half of the town is rolling ground covered with brush prairie, 
and has a fine, rich sol. The north half consists of pine ‘‘ barrens."’ 

Toten 39. Contains some white and Norway pine in the northern and southern 
parts. The rest is ‘* barrens”? and swamps. The land is rolling and the soil sandy. 

Town 40. About half of the town is covered with small lakes, and the rest is ‘* bar- 
rens."" The country is level and the soil sandy. 

Toren 41. Consists of relling land, sandy soil, and pine ‘ barrens." 

Range 16 W. Town 32. Black Brook (in part), The township is comparatively 
level, and well watered. The soil is good and is heavily timbered. The underlying 
formation is Potsdam sandstone. 

Town 33. Lincoln (in part). This town resembles town 32. It is heavily covered 
with drift and has numerous small lakes. The formation is Potsdam. 

Town 34. Balsam Lake (in part). The land is rolling and hilly, and the soil sandy. 
East of Apple river the country is ‘‘ barrens;’’ west of that river the country is densely 
timbered with hard wood. There are numerous small lakes and swamps. 
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, Town 35. Milltown (in part). There are several large and beautiful lakes and numer- 
ous small ponds in this town. The soil is rich and the timber chiefly hard wood, with 
some pine. 

Town 36. Luck (in part). The land is rolling and hilly, and the soil generally good. 
It is quite heavily timbered with hard wood and some pine, and is well watered. 

Town 37. Clam Falls. The town is very hilly and densely timbered with hard wood 
and some pine. It is well watered by the branches of Clam river. The soil is generally 
good. 

Town 38. The southern and western parts are hilly and covered with hard wood and 
pine. The rest of the town is quite level, consisting of pine ‘‘ barrens,’ marshes and 
lakes, and some meadow. 

Town 39, The land is rolling and the soil sandy, covered with scrub pine ‘‘ barrens,” 
except some heavy meadow along Yellow river. 

Town 40. The eastern half consists of brush prairie with numerous small lakes, and 
‘a fine agricultural land. The town is hilly near Yellow lake, otherwise level. 

Town 41, The soil is good in the southern part. The eastern part is lly and cov- 
ered with sandy “ barrens.”’ 

Range 17 W. Town 32. Alden (in part). Consists of rather level land, well 
adapted to farming, and well watered by Apple river and its branches. The formation 
is Potsdam, covered with drift. 

Town 33. The town is quite level, heavily timbered with hard wood, and diversified 
with numerous lakes and ponds. The soil is clay and produces good crops. 

Town 34. Balsam Lake (in part). The south part of the town is similar to town 33. 
The northern part is more hilly, and contains some pine timber. 

Town 35, Milltown (in part). The southeast part has considerable pine timber, 
sandy soil, and rocky, rolling land. The rest is covered with hard wood and is well 
suited to agriculture. . 

Town 36. Luck (in part). Consists of ro!ling land with good soil, timbered with 
pine and hard wood mixed. The settlements are confined to the southern part. 

Town 37. West Sweden. Similar to town 37. Settled in the northern part by Scan- 
dinavians. 

Town 38. The land is rolling and the soil good. The timber is pine and hard wood 
mixed. Well settled about Diamond and Dunham lakes, 

Town 39. Consists chiefly of pine ‘‘ barrens "’ with some meadow along Clam river, 
and considerable cranberry marsh in the central part of the town. 

Town £0. The eastern part is hilly and the soil sandy. The western part is level, 
and consists of ‘‘ barrens.’’ There is some good farming land and hazel brush prairie 
in tl.2 north and northwest parts, and some meadow near the St. Croix. 

Range 18 W. Town 32. Alden (in part). The land is rolling and diversified with 
numerous small lakes. It consists of good and poor land in alternating strips running 
in a north and south direction. The timber is chiefly bard wood. 

Town 33. Osceola, The town is rather hilly, with numerous lakes abounding in fish. 
The land is nearly all well adapted to agnculture, the soil being usually clay but some- 
times sandy. It supports a good but not dense growth of maple, elm, poplar, basswood 
and oak timber, with much underbrush. 

Town 34. St. Croix Falls. The town is generally heavily timbered with hard wood, 
and has a rich clay soil. The land is rolling and well watered, and good farming land. 

Town 35. Eureka, This town is quite similar to town 34. The land is hilly and 
heavily timbered. 

Town 36. Laketon. The land is rolling and hilly on the east side, but comparatively 
Jevel on the west side. The soil is good and the timber heavy. There are numerous 
small lakes and marshes. 
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Vown 37, This town is very similar to the preceding. There is some pine timber in 
the northern part. 

Town 38, Consists of numerous swamps and hay meadows in the vicinity of the 
streams; elsewhere the soil is good and timbered with pine and hard wood. 

Town 39, About one-half of the town is cranberry marsh and the rest is pine “ bar- 
rens."” 

Town 40. Consists chiefly of pine ‘barrens,’ with some meadow along the St. 
Croix 
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CHAPTER IL. 
QUATERNARY FORMATIONS. 


The study of the drift deposits in such a region as that under con- 
sideration is attended with grave ditticulties. Artificial excavations, 
such as wells, railroad cuts and the like, that are of so much service 
in settled regions, are here mainly wanting. Naturally exposed sec- 
tions are rare, and occur only along streams where they are most lia- 
ble to the suspicion of local moditication. Even the surface is largely 
concealed by underbrush and leaves; while the prevailing forests cut 
off all extensive views, and interfere with that critical topographical 
etudy which furms so important an element in a rational investigation 
of the drift deposits. 

In addition to these inherent difficulties, the copper-bearing forma- 
tion was the main subject of investigation, and all less important sub- 
jects were subordinated to it; so that the belts or tracts of the drift 
formations were not consecutively traced out, but were merely 
observed as they could be when crossed in search of outcrops of the 
copper-bearing series. The rarity of general landscape views, from 
which comprehensive observations of these tracts could be obtained, 
increased the embarrassment attending the collocation of detached 
observations. It is not, therefore, to be presumed that, under these 
circumstances, the following chapters will possess an entirely satis- 
factory completeness. The writer should alone be held responsible 
for the views advanced. 

Direction of drift movement. Tlie observations of drift scratches 
and grooves are not numerous, but quite harmonious with each other. 
The only glacial engraving observed on the north side of the St. Croix 
river, is found in the southeast quarter of the northeast quarter of 
Sec. 14, T. 44, 2.13 W. The polishing and grooving are very fine and 
excellently preserved, and indicate a movement ina direction S. 13° 
-W. (magnetic). This corresponds with the linear topography of the 
region, and may doubtless safely be considered as representative of 
the general movement in the immediately adjacent region. A little 
more than twenty miles east of this, in the northeast quarter of See. 
15, T. 44, I. 9 W., Mr. Strong noted glacial marks bearing 8. E. At 
three localities near Clam Falls (T. 37, R. 16 W.), the writer observed 
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grooves trending S, 25° E., 8. lo" E., and S, 18° to 20° E., respeetively 3 
and also in the south half of See. 28 of the same township, obscure 
markings bearing S, 20° to 25° E. In See. 2, T. 56, R18 W.,, 
strie bear due south. In the southeast quarter of See. 06, T. 35, 
R.19 W.,, glacial smoothing is shown, the planing agent having 
apparently moved $.40° FE. At another point, fine hair-like lines 
bear due east. Near the St. Croix falls (See. 29, T. 34, R218 W.), 
numerous broad, shallow, glacial flutines bear on the average about 
S. 40° EL The detinite data furnished by these striations, is sup- 
ported by the abrasion suffered by protruding ledges of rock, by the 
trend vf drift ridges and depressions, and by other forms of linear 
topography, all of which indicate movements in the same direction. 

We learn from various authorities and from personal observation, 
that the glacial movement in the vicinity of the southwest extremity 
of Lake Superior was S. W., or parallel to the great lake valley. 

Combining these observations into a consistent system, our view of 
the glacial movements may be expressed as follows: The main gla- 
cial current of the region passed from the Laurentian highlands, be- 
yond Lake Superior, southwestward into Minnesota, through the 
trough of the great lake. From this main channel the glacial cur- 
rents diverged toward the margin of the glacier, as in the ease of the 
Green Bay and Lake Michigan ice streams, in eastern Wisconsin (see 
diagram opposite page 204, Vol. II). 

On the north side of the upper St. Croix river, this divergence was 
not great, so that the trend was still west of south a few degrees. 
But on the south side of the valley the movement was invariably 
east of south, and increasingly so with the degree of advance in that 
direction. The stris nearest the margin of the glacier, point directly 
towards the Kettle moraine hereafter to be described. These move- 
ments are presented to the eye on the accompanying outline map, 
Plate XXAVIT. 

The area under consideration, then, only represents a segment of the 
southeastern margin of the glacier whose main channel was the Lake 
Superior trough, aud whose prolongation was southwestward, but 
owing to the divergent lateral motion of the marginal portion, the 
movement was southeasterly in the cireumscribed district we are con- 
sidering. This view harmonizes all the observations thus far made, 
and explains them, and at the same time corresponds to the method 
of glacial movement found to obtain in eastern Wisconsin, and, in 
the judgment of the writer, quite extensively elsewhere.’ 


1See paper on the Extent and Significance of the Wisconsin Kettle Moraine, ‘Trans. 
Wis. Acad. Sci., 1878. 
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DIVISIONS OF THE QUATERNARY DEPOSITS. 


The quaternary formation of the district may be divided, super- 
ficially, into three parts: (1) The morainic belt, or Kettle moraine, 
on or near the southern watershed; (2) an intermediate area of 
boulder clay; and (8) the plains or “ barrens.” Subordinate to these, 
and included within their boundaries, are fluviatile and lacustrine 
flats of contemporaneous and later date. 

Kettle moraine. The morainic belt consists of a series of drift 
hills and ridges of irregular, undulating or broken contour, associated 
with basins aad hollows, the whole constituting a peculiar formation, 
which has been described in detail in volume II, pp. 205 to 215, 
under the name of Kettle Range. 

Our investigations have connected the Kettle moraine of eastern 
and central Wisconsin with the morainie belt under consideration as 
portions of one extensive range,! and the descriptions already given 
render unnecessary a detailed discussion here. To this common range, 
I have applied the name Kettle moraine. The range lies on the south- 
eastern border of the district, stretching from the south central part of 
Polk county to the vicinity of Lake Nemakagon, and probably beyogd. 
Mr. Sweet has deseribed in the preceding report a belt of drift ac- 
cumulations in the adjacent region on the north, which he identifies as 
an analagous formation. It seems quite probable that this is definitely 
connected with that under consideration. Though our knowledge is 
not complete, the line of this connection appears to lie west of Long 
Jake, through towns 44, 45 and 46, ranges 7 and 8, in which Mr. 
Caneday describes areas presenting the characteristic features of the 
formation. 

In Polk county the southeastern,.or outer, margin of the moraine 
passes through the towns of Black Brook, Clayton and Apple Ttiver. 
Its course here is more northerly than the average trend of the range. 
The surface on the east of it is gently undulating, subdued, in por- 
tions, to nearly level arcas; the whole underlaid mainly by boulder and 
pebble clay, with occasional sandy tracts. But on encountering the Kettle 
moraine, the surface is seen to change at once the character of its un- 
dulations, assuming the knob-and-basin topography characteristic of 
therange. Thedrift becomes much more largely composed of rounded 
boulders and gravel, the latter being the predominating clement. The 
dense hard wood and pine forest of the level region is replaced by more 
open oak timber or-“ brush prairie.” 

This outer ridge of the range is not more than one or two miles 


ae ee 
1Se2 paper above cited. 
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wide where it was observed, and is not much elevated, nor is it very 
conspicuous asa ridge. It is succeeded by a more subdued surface that 
does not present a distinctively morainic aspect. The composition of 
the drift, however, as faras could be seen, remains essentially the 
same. Beyond this, we find a second belt of more pronounced char- 
acter. There then succeeds a clay formation, having a more level sur- 
face and bearing heavy hard wood timber. Deyond this another ket- 
tle range is encountered, which is more elevated than the preceding, 
and of more pronounced character. This passes only a short distance 
east of St. Croix falls. The above is merely a local section between 
Black brook and St. Croix falls, and, while it fairly illustrates the char- 
acter of the belt in this region, is not to be regarded as everywhere 
applicable to it in detail. 

To the northeast of this, the moraine is more narrow and strongly 
developed. Iam informed that one or two projected lines of the 

‘North Wisconsin Railroad were found impracticable on account of it. 
Much in respect to its detailed features yet remains to be learned. 
What is known of its location may be best seen by reference to Plate 
XXAXVIT. 

This moraine, in the opinion of the writer, was formed along the 
margin of a glacier that passed southward through the trough of 
Lake Superior into Minnesota as faras the Leaf hills, which are re- 
garded by him as a portion of the same moraine, they being formed on 
the southern and western margin of the glacier at the same time this 
range was being accumulated on the southeastern, and both are con- 
sidered but parts of the great Kettle moraine of the lake region. 

Boulder clay. Within this moraine there is a sheet of mixed 
glacial debris that constitutes the ground moraine or bottom bed 
of detrital matter, left by the melting of the glacier. In general, it 
may be termed a boulder clay, though varying in its intimate com- 
position. Ideally, this extends over the whole region north of the 
Kettle moraine, underlying the sand and gravel plains and the level 
clay areas; but for want of excavations there is little positive evidence 
of this. It occupies the greater part of the surface between the mo- 
raine and the “barrens,” but is locally concealed by lacnstrine and 

_ fluviatile deposits. | 

The “barrens.” Next to the Kettle moraine, the so-called “ bar- 
rens’’ possess most geological interest among the superficial forma- 
tions. They consist of extensive tracts of sand and gravel, the former 
predominating. Their general surface is plain, or, less frequently, 
gently undulating. It is, however, much pitted by depressions, 
many of which are occupied by lakes, others by marshes, while some 

Vou. II. 20 
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are dry. These depressions are not unfrequently from 30 to 50 feet 
deep, and, including the depth of the water, probably sometimes 
exceed 100 feet. While they quite often have sloping sides, the more 
characteristic ones have abrupt banks rising, as steeply as such inco- 
herent material will lie, from the lake margin to the level of the gen- 
eral plain. To what extent this steepness may be due to the original 
form of the basin, and to what extent to the action of the lake erod- 
ing its banks at the water level, is not evident. 

Within the district, these sand tracts are mainly confined to the 
vicinity of the St. Croix river and its tributaries, particularly the 
Nemakagon, Totogatig, Yellow and Clam rivers. But in their con- 
tinuation to the northeast, Mr. Sweet describes the “barrens” as 
extending along the summit of the Bayfield peninsula. 

Viewed as a whole, these pine plains constitute a linear tract from 
twelve to fifteen miles in average width, stretching from a point within 
about twelve miles of the extremity of the Bayfield peninsula, nearly 
due southwest to the mouth of Wolf ereek, in Polk county, a distance 
of about 125 miles. This tract is joined on the east by a tapering belt 
about fifty miles in Jength, and lying mainly in the valley of the 
Nemakagon river. The tract is terminated at the southwest by the 
encroachment of the higher lands on either side of the St. Croix. 
These rise abruptly from the plains to a height averaging, perhaps, 100 
feet, and gradually approach the river until they form steeply sloping 
bluffs on either side 200 feet and upwards in height. Along the sides 
of these bluffs there are remnants of river terraces, with the second 
one of which, the plains seem to be continuous. The “barrens” at 
the point where they are replaced by the terraces are, according to a 
not very reliable aneroid measurement, about 290 feet above Lake 
Michigan. I'rom this the tract rises with approximate regularity to 
the headwaters of the St. Croix, where it mounts somewhat more 
rapidly on to the kettle belt of Bayfield peninsula, where it attains an 
average elevation of perhaps 650 feet. Mr. Sweet records one measure- 
ment as high as 693 feet, one at 675 feet, and one at 670 feet above 
Lake Superior (713 feet, 695 feet and 690 fect, respectively, above Lake 
Michigan), but these are above the average. 

The main tract of the so-called “barrens”? may therefore be suc- 
cinetly described as a sandand gravel plain 12 to 15 miles wide and 125 
miles long, sloping southwestward in the direction of its length, nearly 
three feet to the mile on the average. 

In respect to the origin of this deposit, the writer had prepared a 
somewhat full discussion for this place, but, as it became unavoidably 
quite extended, it has been omitted. ‘The general answer that it was 
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due to the assorting and stratifying action of water may be given with 
much confidence. That, in the main, it owes its origin to a broad, lake- 
like stream or widely wandering river, may be accepted with almost 
equal assurance, That the action of the water was not very violent, 1s 
shown by the prevalence of sand; and that it was not very quiet, 18 
equally proven by the presence of gravel and absence of fine detritus. 

dut when we attempt to consider the more definite questions, whence 
eaine the fluods that formed the deposit, and at what precise stage of 
quaternary history did the deposition take place, we are compelled to 
speak more cireumspectly, and to take into consideration a wider range 
of facts, the discussion of which has proved too lengthy for the limited 
space here available. 


POST-GLACIAL EROSION AND DEPOSITION. 


Since the formation of the preceding quaternary deposits, geolog- 
ical action has been mainly confined to erosion and re-deposit by 
surface waters and to accumulations through the agency of organic 
life, such as peat and shell marl. 

Pot-holes. The erosion accomplished by the St. Croix river is ex- 
hibited in the vicinity of te falls, not only by the deep valley it has 
cut into the drift deposit and the solid rock, but by the remarkable 
“pot-holes ” that are found at various heights up to 100 feet above 
the present surface of the river. These were excavated from the 
solid melaphyr-porphyry by rolling stones kept perpetually circling 
by the eddies of the river in former times, while cutting its way down 
through the rock. Some of these are mere bowls, but others are gi- 
gantic wells from 5 to 25 feet in diameter, and sometimes 20 feet or 
more in depth. In some cases they are now filled at the bottom with 
water or gravel, and their full depth is unknown. The sides of these 
wells are smooth-worn, but somewhat uneven, owing doubtless to the 
varying force of the eddy and the unequal resistance of the rock. 
In general, the walla are nearly vertical, but they are sometimes in- 
clined. In some eases the well is larger below than at the surface. 
In one instance at least, the excavating waters found an escape below 
through a well-worn passage, by means of which the pot-hole may 
now be entered. These lie at a height ranging up to 60 feet above the 
present river, while smaller ones occur as high as 100 feet. Alto- 
gether this is one of the most remarkable groups of pot-holes known. 

Peat. Among the later surface accumulations, peat deserves 
mention, though in this region of abounding forest it has no imme- 
diate importance as a fuel; and until the native fertility of the soil is 
somewhat reduced by continued cultivation, it is not likely to be much 
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used as a fertilizer, thouch it is well suited to the sandy soils. It is, 
nevertheless, a resource in reserve. It forms extensive deposits 
beneath the marshes of the district. 

Marl. Deposits of this substance, arising from the debris of fresh 
water shells, are quite common in the lake and marsh basins of 
the district. In some cases, the beds appear to be quite extensive. 
Among the localities noted, are the farms of Mr. Thompson, in the 
S. W. qr. Sec. 36, T. 37, R. 19 W.; of Mr. Holmes, in the N. E. qr. 
Sec. 36, T. 837, R. 19 W.; of Mr. Ilart, in the S. E. qr. See. 5, T. 
38, R. 13 W., and other points in the vicinity. These deposits will 
furnish an excellent permanent fertilizer for the more arenaceous soils 
of the district, which stand in need of a finely comminuted calcareous 
ingredient. 

Lignite, or bituminous coal. Among the ingredients of the 
drift, there are two that deserve especial mention, because the source 
from which they were derived is not evident. One of these is a lig- 
nite, or bituminous coal, and the other a limestone. No specimens of 
the former are in the possession of the survey, yet the testimony as to 
its occurrence, coming from different parties, seems too direct and 
specific to be altogether ignored. A possible though remote source | 
of this is found in the basin of Hudson’s Bay, towards the northeast, | 
the direction whence the drift was derived. Prof. Bell, of the Canada ' 
survey, describes the occurrence of lignite in the drift; reported also 
to be zn situ in the valleys of Moose and Albany rivers, that empty | 
into James Bay.'! On the other hand, it may not be impossible that 
the cretaceous strata that are known to have encroached largely 
upon Minnesota from the west, may have reached as far as the St. / 
Croix valley, and that the carbonaceous drift may have been derived 
from that source. . In either case, the occurrence is not to be at 
as having industrial importance. 

Limestone boulders. Large crratic blocks of light gray magne- 
sian limestone are occasionally observed in the district. These very 
closely resemble the prevailing type of the Niagara limestone as 
found in the state, and the obscure fossils have a concordant aspect. 
It seems safe at least to say that they are Silurian. It is important 
to note in this connection that drift limestone has been observed not 
unfrequently about the head of Lake Superior. Dr. Norwood, in 
Owen’s report of 1852, described compact, drab colored, limestone 
erratics, containing Silurian remains, as occurring on the St. Louis 
river above the entrance of the Swan tributary, and again between 
the Two rivers and the upper Embarrass, the specimens being there 


1 Report of Progress for 1875-76. 
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large, thin slabs of Silurian limestone; also on the Big Fork river at 
different puints, and again on the Ondodawanonon river, where they 
are also suid to be Silurian; also on the headwaters of the Missis- 
BIppi. 

Limestone fragments are also described by Prof. G. M. Dawson! 
as occurring on the southern and western shores of the Lake of the 
Woods, and as belonving, in part at least, to the upper Silurian; and the 
game has been noted by Dr. Bigsby? The view of these writers that 
the limestone erratics were derived from a drift-concealed area of 
upper Silurian limestone lying along the base of the Laurantian 
terrane in the Lake of the Woods region, seems too local to satisfy 
all the conditions of the problem. It would be necessary to extend 
this supposed upper Silurian furmation over a considerable portion 
of the Lake Superior basin, or else to assume drift movements in 
directions of which we have no evidence, and at variance with all 
present data. 

It is not inprobable that upper Siltrian strata were deposited in 
the Lake Superior region, and remnants of this may have escaped 
denudation till the glacial period, and given rise to these erratics; but 
from their wide distribution, I incline rather to the opinion that 
they were derived from the Silurian strata of the Hudson Bav basin. 
This hypothesis, however, I hold very feebly, as we are yet without 
satisfactory evidence that any drift agency passed from that basin 
over the Laurentian highlands. 


' Quarterly Journal of the Geological Society for Nov., 1875. 
? Ditto for 1851 and 1852. 
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CHAPTER ITI. 


GENERAL DESCRIPTION OF THE INDURATED FORMA- 
TIONS. 


The Archean floor. The oldest formation that is known to ap- 
pear at the surface within the district, is the series of igneous and 
detrital rocks that constitute the Keweenaw or Copper-bearing Series. 
From the study of the adiacent regions, however, we gain a theoret- 
ical view of the still olderrock floor upon which the later formations 
rest; and though we may not assert that this view is demonstrably cor- 
rect, it is rendered sufficiently probable by the evidence collected, to 
justify an attempt to picture it to the mind, for the sake of the clear- 
ness and completeness it may give to our comprehension of the 
general geological structure of the region. 

Lake Superior, in the main, lies in a great rock trough formed by 
‘the downward bending of the Archeean formations. The axis of this 
trough is prolonged sonthwestward, not through the Duluth finger of 
the lake, as might be expected, but through the upper St. Croix 
valley. 

In its extension through this region, it gradually curves southward, 
and near its apparent extremity in the vicinity of the Minnesota bor- 
der it seems to have a decidedly southerly trend; for the Keweenaw 
beds on Snake river below Chengwatona lake, strike S. 10° to 15°-W., 
and have a high dip eastward, and in the vicinity of the St. Croix 
falls the strike is even east of south, with a moderate dip southwest. 
ward. 

At this extremity, the Lake Superior trough is met by a much 
broader, shallower, Archean basin, stretching up from the Missis- 
sippi valley on the south. The two troughs come together, point to 
point, at a large angle, and are only separated by a low swell of the 
lower formations. Detween them on the east lies a broad swelling 
anticlinal ridge of Archean strata. Near the junction of the two 
basins this is narrow and depressed; butas it stretches eastward, it 
becomes broader and higher, forming the great Archean protuber- 
ance of northern Wisconsin and Michigan. On the farther side, 
in Minnesota, the basins are bounded by a similar Archean arch, 
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running northeasterly and southwesterly, but having at present less 
topographical prominence than the Wiseonsin heights. 

The basal portion of the main Wisconsin highland is formed of 
Laurentian strata, but as it extends westward into the anzle between 
the two basins and beeomes lower, narrower and flatter, it seems to be 
nearly, or entirely, eapped by Huronian beds, dipping northward and 
southward, forming a low anticlinal ridge. This, probably, rises 
again as it Joins the Minnesota Arehiean axis, thus forming a sort of 
geological saddle. It is the later rocks overlapping or reclining 
against this saddle, and forming part of the western extremity of the 
Lake Superior synelinal trough, that claim our attention, though only 
nw portion of them are embraced in the district under consideration, 

It is to be observed, prudentially, that the final shaping of these 
ridges and troughs was not accomplished previous to the deposition 
of the strata to be considered, as some of the bending certainly took 
place subsequently; but the salient features appear to have been dis- 
tinetly outlined as early as the era of ILuronian deposition, 


THE KEWEENAW OR COPPER-BEARING SERIES. 


The rocks of the Copper-bearing or Keweenaw group lie almost 
wholly within the Lake Superior stratigraphical basin, but it appears 
that they do extend a little over the arch of our figurative saddle into 
the Mississippi basin, for we find the beds at St. Croix falls and 
vicinity dipning to the sowth of west. But with this slight excep- 
tion, they may be conceived as occupying the south side of the west- 
ern end of the Superior trough, and hence as dipping northward and 
westward toward the valley of the depression. 

This dip is greatest near the margin of the basin, and least near 
the central line. It varies from about 85° down to complete horizon- 
tality. 

The Keweenaw series is composed of two entirely distinct classes 
of rocks. The first, which greatly predominates, is composed of a 
series of massive crystalline beds, which appear to owe their origin 
to a succession of overflows of molten rock, which probably 
issued from fissures in the earth’s crust, rather than from typical 
voleanic craters. These rocks are popularly known as traps, a conven- 
ient, but not wholly unobjectionable term. They consist, so far as 
our immediate district is concerned, of diabases and melaphyrs, and 
the porphyritic and amygdalvidal varieties of these, and quartziferons 
porphyry. Diahase and diabase-amygdaloid constitute by far the 
most common rocks. The typical Keweenaw melaphyr is confined, 


99 GEOLOGY OF THE UPPER ST. CROIX DISTRICT. 


Co 


so far as can be learned from outcrops, to a few localities, notably a 
belt on the north side of the St. Croix river. Melaphyr porphyry 
has a large development at St. Croix Falls and vicinity. 

The special rock varicties are distinguished from each other with 
much difficulty, often only with the aid of the microscope, but they 
all possess a similar general appearance, and explorers may readily 
learn to distinguish them from the members of the other crystalline 
series with very little liability to error, except in a few instances. 
With a single exception, they are all dark, fine or medium grained, 
erystalline rocks. The prevailing shades of color are dark green, iron 
gray and brownish red. The exception is a pinkish rock in the vicinity 
of Clan Falls. These rocks are usually tough, though not very hard, 
and often pack under the hammer, instead of flying into angular frag- 
ments after the habit of hard, brittle rocks. Their fracture is usually 
Irregular, rough, or hackley, though occasionally sub-conchoidal. To 
those unskilled in lithological distinctions, the presence of small 
cavities, filled with minerals differing from the mass of the rock, 
known as amygdules, will form the most convenient, as it is indeed 
the most significant, characteristic, since it points to an igneous origin. 
There are but few extensive outcrops in which these do not appear in 
greater or less numbers, while their abundance at many horizons 
renders the rock an amygdaloid. The more common minerals filling 
these amygdaloidal cavities are a dark green chlorite, quartz, calcite, 
epidote, orthoclase, laumonite, and native copper, with occasionally 
other minerals. Prof. Pumpelly has called attention to the absence or 
rarity of prehnite in these western rocks, though it is common on the 
Keweenaw peninsula, and also to the presence of pyrite in the St. Croix 
region, though unknown in Michigan. 

The mineralogical constitution of these rocks, as we now find them, 
is not entirely that which they possessed when first cooled from the 
molten state, but rather such as has resulted from the chemical and 
molecular modifications that have since taken place. Some of these 
have been of a very important character, but as they pertain equally 
to the whole formation, it is sufficient here to refer to the able writings 
of Prof. Pumpelly on the subject in this volume and elsewhere. 

The true beds of this portion of the formation are due to the suc- 
cessive overflows, each molten deluge forming a bed. When these 
are very massive, however, subordinate planes, parallel to the bedding 
joints, have been formed, and give to the rock an appearance of 
much more complete bedding than it properly possesses. The true 
beds may usually be distinguished by the change in the structure 
which the stratum presents near its face. It is usually at and in the 
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vicinity of these bedding faces that the copper deposits, when present, 
vecur, except when they occupy true fissure veins, The beds in the 
upper St. Croix region vary in thickness from a few feet upwards to 
probably not less than 100 feet. 

Vertical systems of juints are very prevalent features of these beds, 
often being more conspicuous, and commonly more uniform and 
smooth than the bedding joints, They usually form two systems 
that cross each other at nearly right angles. The frequency of these 
joints sometimes gives to vertical cliffs an obscure pseudo-columnar 
appearance. True prismatic structure has, however, nowhere been 
observed in the district. 

The second class of rocks that enter into the formation of this series, 
consists of conglomerates, sandstones and shales, derived from the 
wear of the igneous rocks above described, and of the older forma- 
tions. They are in part interstratified with the igneous beds, and in 
part overlie them. The base of the series is very poorly exposed in 
the region under consideration, and we can safely say very little as to 
the presence or absence of these detrital beds, particularly as they are 
less enduring and less liable to outcrop than the igneous rocks. But 
so far as our knowledge goes, the conglomerates, sandstones and 
shales are interstratified much the most frequently in the upper por- 
tion of the series, and there are probably several thousand feet at the 
top, here as elsewhere, that are exclusively detrital. This preponder- 
ance of fragmental deposition in the upper horizon of the formation 
does not, however, in the judgment of the writer, justify a division of 
the period into epochs of igneous and of detrital deposit. It is prob- 
able that the wear of the waters that occupied the basin was essen- 
tially continuous from the beginning to the close of the period, and 
that the deposition of detrital matter was consecutive; disturbed, it 
may be, but probably not suspended by the igneous eruptions. It 
would be more in harmony with the accepted basis of geological 
chronometry, to regard the period as one of detrital deposition inter- 
jected by igneous cataclysms. The cataclysms, though very striking 
in their results, were very brief in their activity and local in their 
prevalence; while the detrital accumulations must have been vast in 
their periods, and must be represented by equivalent deposits else- 
where. There are no means within the district, except the data 
already discussed by Mr. Sweet, of ascertaining the thickness of the 
combined shale, sandstone and conglomerate deposits. They are 
almost entirely conceaied by drift. 

The nature of these deposits, so far as exposed to observation, is 
precisely like that of the districts already described. They are com- 
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posed of the worn material derived from the previously formed rocks. 
In the main, this is the debris of the underlying igneous beds, but a 
portion is derived from the still older metamorphic strata. The con- 
stituent grains are not, therefore, so largely pure quartz, as is the case 
with most paleozoic sandstones, but instead are mainly silicates of 
various bases, feldspars especially. 

Deep red and brown are the prevailing colors. The black shales of 
the Ontonagon and Montreal regions have not been seen in the St. 
Croix valley. The beds exhibit ripple-marks, rain-drop impres- 
sions, cross lamination, and other indications of littoral and marine 
deposition. 

No remains that ean be positively identified as having an organic 
origin have yet been discovered in these strata, though there are some 
obscure indications that life existed. 

Economic considerations. This formation is not only the equiv- 
alent, as the name implies, of the great Copper-bearing terrane of 
Keweenaw point, but is directly continuous withit and forms its west- 
ern prolongation. The demonstration of this connection is one of the 
fruits of the present geological survey. The copper, which is the 
most abundant metal of value derived from the formation, occurs 
sometimes in the igneous rock, mainly in amygdaloidal portions, 
sometimes in the detrital conglomerates, sandstones or shales, and 
sometimes in fissure veins traversing these. But in all these cases 
the metal was deposited in its present condition after the formation 
of the strata, and, without reasonable doubt, by chemical means. 
The theory that the copper was injected in a molten condition is 
wholly irreconcilable with the facts.’ 

It seems to have been originally distributed through the molten 
rock, and to have been taken up thence by solution and redeposited in 
its present concentrated form. So that, without regard to whether it 
is now found in igneous or detrital rock, or in fissures, the igneous 
rock is to be considered its primary source. 

It is difficult to assign any satisfactory reason why an igneous over- 
flow should be richer in a metal at a given point than at any other, 
and still more difficult to understand how a succession of such over- 
flows, separated by considerable periods of time, should be exceptionally 
rich in the same region. Theoretically, therefore, there is little or no 
reason for believing that the igneous rocks of one district are less rich 
in copper than other portions. Practically, however, the question is 


1 This, it seems to the writer, has been sufficiently shown by Prof. Pumpelly in the 
Geol. Surv. of Mich., Vol. II, 1869-1873, Part II, p. 19 et seg., but, if necessary, much 
additional evidence could be adduced. 
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not so much what is the absolute richness of the series m copper, as 
What is its degree of concentration, and hence availability. This con- 
centration, if our views are correct, is dependent on the chemical and 
molecular activities that have ensued sinco the original formation of 
the strata. Dut here, again, it is dificult to find a specifie tenable 
reason why these activities should not have been as great in Wiscon- 
sin as in the well known produetive portion of Michigan. There 
appears to be, therefore, no good theoretical reason assignable why we 
should not expeet the occurrence of valuable copper deposits in this 
portion of the formation, as elsewhere. Their actual existence is a 
question which exploitation can alone determine. A practical difficulty 
lies in the fact that the surface is so largely covered by drift. The 
ledges that project through the drift-covering are usually the more 
sulid and compact portions of the formation, which are, theoretically, 
the least promising. The excavations that will be incidental to the 
settlement of the region will disclose the formation somewhat more 
fully, but considerable portions of it will doubtless always remain 
concealed. There are reasons to hope, however, that valuable dis- 
coveries may be made. The localities at which copper was found by 
the survey, and the single instance in which mining has been at- 
tempted, will be found described among the local details that are 
given below. 

What has been said of the deposit of copper, also applies to the 
silver of the formation, though this has not yet been found on the 
south shore of Lake Superior, in quantities that have thus far been 
mined profitably (except in connection with copper), though closely 
approximating it. The silver-bearing horizon of the Ontonagon dis- 
trict was definitely identified by the writer where it crosses the Mon- 
treal river into Wisconsin, at which point it bears traces of silver and 
alittle copper; but it has not been found in the St. Croix district, and 
is probably wholly concealed by drift. 


POTSDAM SANDSTONE. 


The Iteweenaw beds were originally deposited in an essentially 
horizontal position, After their accumulation was completed, they 
were bent into their present trough-like form, a process which doubt- 
less occupied a very considerable period. Subsequently to this, there 
elapsed an interval of which we have no record, save in the erosion 
which was wrought upon the strata. This, making due allowance for 
what might have been accomplished during the time the Potsdam 
sandstone was being deposited, would seem to have been immense. 
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The edges of the upturned Keweenaw strata were cut away very 
extensively, and their surface deeply channeled or worn into precip- 
itous cliffs. Upon this very irregular surface the Potsdam sandstone 
was deposited. Itis now impossible to ascertain the full extent to 
which it originally covered the older strata, but it is quite certain 
that it overlapped them widely. We now find remnants of the forma- 
tion along the St. Croix river, reaching up into the trongh of the 
IXKeweenaw series; and on the Kettle river in Minnesota, it is found 
at elevations nearly or quite equal to the height of the Lake Superior 
watershed, and considerably higher than any known Keweenaw strata 
in the trough of the synclinal. There seems no good reason, there- 
fore, to doubt that the Potsdam seas swept across the district into the 
Lake Superior basin and deposited their sands in a continuous belt, 
uniting the Mississippi and Superior primordial areas. Within the 
district under consideration, the Potsdam sandstone has only been 
observed in the vicinity of the St. Croix river. Below the St. Croix 
falls it occurs in vertical cliffs on either side of the stream. In Eagle 
bluff, near Osceola, the upper face of the formation, capped by Lower 
Magnesian limestone, is exposed. This is the most northerly point 
at which the upper portion of the formation is known to exist at 
present. The upper portion of the formation here is composed of 
yellow and white sandstone, corresponding in character and position 
with the Madison sandstone. This is underlaid by calcareous strata, 
which appear to correspond with the Mendota beds of central Wis- 
consin, and which, from their greater resistance, give rise to the beau- 
tiful Osceola falls. Beneath these there are greenish shales, inter- 
stratified with the friable sandstone that makes up the mass of the 
formation, and does not essentially differ from the Potsdam else- 
where, which has been repeatedly described in these reports. 

The quarries: just north of the village of Osceola are exceptionally ¢ 
rich in primordial fossils, among which trilobites predominate. One of 
the earliest of known gasteropods, Holopea Sweeti, is found here. In 
the vicinity of St. Croix falls, the formation abuts against and overlies 
the traps of the Keweenaw system. At several points the actual 
contact of the formations may be seen, and no doubt exists as to their 
true relationship. Near the point of contact in some places, the 
sandstone changes to a conglomerate, the pebbles of which are derived 
from the trappean rocks. The pebbles are sometimes well rounded, 
but in other cases only somewhat abraded on the angles, and they are 
in some instances of large size. From this it is evident that the 
Keweenaw rocks stood as reefs and cliffs in the Potsdam ocean, 
against which the waves beat, breaking off fragments and rounding 
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them by attrition in various degrees, and imbedding them in the 
sands and shells of that ancient sea. 

In more protected places a finer sediment, mingled with immense 
numbers of the shell Linqulepis pinnafurmisa, accumulated and after- 
wards became a shale. The fossils were deposited so closely in contact 
with the erystalline trappean rock, that hand specimens may be ob- 
tained which contain the crystalline rock on one side and Potsdam 
shale containing fossils on the other. The view of Dr. Owen that 
the trappean rocks were thrust up through the sandstones after their 
formation, is wholly untenable. The traps are immensely older than 
the sandstone, and, as before remarked, were extensively eroded before 
the sandstone was deposited upon their worn surface. The detailed 
statements subsequently given, abundantly verify these statements.' 

At St. Croix falls, the Potsdam sandstone seems to occupy an an- 
cient channel cut into the crystalline rocks; for it oceurs fur some dis- 
tine? above the Dalles, at elevations but little above the river, while 
the erystalline ledges rise at short distances on either hand to alti- 
tudes of 200 feet or more. Whether this was the gorge of an ancient 
river, the prototype of the present St. Croix, or a channel worn by 
the encroachment of the primordial ocean, it may be impossible now 
to determine. As the outcrops of this formation in our district are 
limited, and for the most part intimately associated with the Kewee- 
naw series, they will be found described in connection with the latter, 
on subsequent pages, as they are encountered in the systematic review 
of the outcrops of the district. 


LOWER MAGNESIAN LIMESTONE, 


This formation merits only a passing notice in this connection, as it 
barely appears in the southwestern portion of the district in isolated 
areas, the most northerly of which, as before mentioned, forms the 
cap of Eagle bluff, near Osceola. These patches are undoubtedly the 
remnants of a continuous formation that formerly stretched northward 
into the Lake Superior basin, but which has been worn away by 
erosive agencies. It is an impure, buff, magnesian limestone, identical 
in character with the formation so fully described in Vol. II. 

In former times, I have no doubt, higher members of the Paleozoic 
series overlay this, but they appear to have been entirely removed, 
leaving the Lower Magnesian limestone the uppermost of the in- 
durated series. It is highly valuable in this region of prevailing 


1See, also, Notes on the Geology of Northern Wisconsin, by E.T. Sweet, Trans. Wis. 
Acad. of Sci., Vol. III, 1876, p. 50. 
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siliceous rock as a source of lime, and at the same time is serviceable 
as building stone. Lime is manufactured from it near Osceola by 
Mr. Samuel Wall, in a continuously operating kiln, which has a ea- 
pacity of 100 barrels in twenty-four hours. The kiln is situated on 
the bank of the St. Croix river, so that the facilities for shipment are 
excellent. Two kinds of lime are manufactured; one is a brown lime 
made from the formation in question, of which there isa thin stratum 
crowning the bluff above the kiln; the other is a white lime made 
from a travertine deposit near tle water’s edge. Large masses of 
limestone appear to have fallen down from the bluff, and the interstices 
and cavities between them have been filled up with a secondary de- 
posit of limestone. 


CHAPTER IV. 
DETAILED DESCRIPTIONS OF THE LOCAL FORMATIONS. 


In the preceding reports the Keweenaw or Copper-bearing series, 
as it occurs on the Lake Superior border, has been discussed; and. its 
general relations to the great mass of the formation stretching north- 
ward to Keweenaw point, and beyond, has been indicated. In pur- 
suing the study of its local development, as traced southwesterly 
from the Lake Superior trongh into the borders of the Mississippi 
basin, it may, perhaps, be most convenient to begin with the expos- 
ures of the formation that lie adjacent to those previously described, 
aud to trace the ranges thence along their trend southwesterly to the 
limits of the state in the St. Croix valley. 

In doing this, we shall find the natural outcrops of the region clus- 
tered into about five quite distinct groups; one about the headwaters 
of the Nemakagon river, which we may designate the Nemakagon 
district; one on the upper Totogatig river — the Totogatig district; 
one in the vicinity of Clam falls, extending westerly and south- 
erly — the Clam falls district; one centered about St. Croix falls, and 
named thence, and one along and north of the upper part of the St. 
Croix river, and designated the north St. Croix district. 

The great Keweenaw range, the most protuberant part of the for- 
mation, has been traced connectedly as far southward as the vicinity of 
Nemakagon lake, T. 43, 2. 6 W. And we may advantageously make 
that our point of departure. 


THE NEMAKAGON DISTRICT. 


In 1876, Mr. Wright traced the magnetic belt of the Huronian 
series to the north shore of Nemakagon lake, and on its southwest 
side he found, for a few miles, a broad belt of feeble magnetic attrac- 
tions. Ile also found the Copper-bearing series apparently encroach- 
ing on the IIuronian belt from the north and overlapping it, as it 
were, to meet the closely adjacent granitic rocks on the south. It is 
at this interesting point where the Keweenaw and Laurentian series 
seem to be converging towards each other, involving the burial of the 
intervening IIuronian belt, that we begin our review of the observa- 
tions of Mr. Strong. 
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T. 43, R. 7 W. In Sec. 21 of the township next west of Lake Nemakagon (T. 43, 
R. 7 W.), the diabases of the Keweenaw series and the granitic rocks of the Laurentian, 
are observed within a few rods of each other, and, presumably, come in contact beneath 
the drift. In the N. E. qr. of that section, on the south side of the Nemakagon nver, 
and about 200 feet from its bank, an cutcrop of granite is observed, consisting of flesh- 
colored feldspar, quartz and a little black mica (biotite). Many of the crystals of feld- 
spar are large and distinct. The rock is fissured so as to present a bedded appearance. 
In some portions the granite passes into gneiss by the development of a parallel 
arrangement of the constituent minerals. The bearing of the banded structure thus 
formed is about S. 40° E., which, it will be observed, crosses at a large angle the trend 
of the Keweenaw range. The dip seems to be almost vertical. About 150 feet north- 
west of this is another exposure of gneiss, in which the banded structure is very distinct, 
and often much contorted. The average course of the bands is here nearly east and 
west. Farther down the river is a low ledge of red granite and gneiss in the banks and 
bed of the stream. About 1,000 feet below this, in the S. E. qr. of Sec. 16, the river 
crosses a ledge belonging to the Copper-bearing series. 

To the southeast from these granitic outcrops, the surface features and the composi- 
tion of the drift favor the belief that the region is underlaid by the granitoid series. 
Near the N. W. corner of Sec. 26 of this town, the summit of a hill exhibits boulders of 
granite, some of which are of such enormous size as to give the impression of rock in 
place, and they are probably near their original position. This evidence from the drift 
is strengthened by the existence of an outcrop in the S. W. qr. of the N. E. qr. of the 
same section, on the south side of a small stream. The rock is a dark gneiss, composed 
of flesh-colored feldspar, quartz, and a large ingredient of biotite, with which there is 
associated some hornblende. The composition, however, varies. The exposure is small 
and much obscured by brush, so as to render observations on its strike and dip un- 
satisfactory. 

The several characteristics of these granitic masses, as well as their position, favor the 
view, in which all the members of the corps coincide, that they belong to the Lauren- 
tian series. | 

Returning to the granitic ledges on the Nemakagon river, we find, on the opposite 
side of the stream, an exposure of the Keweenaw series, as illustrated by the accom- 
panying figure: 


Granite Fig. 2. 
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Ditwhase 


Mameakago n River 
SEcTION SNOWING TUE RELATIONS OF THE GRANITE (LAURENTIAN) AND DIABASE (KEWEENAW) 
ON THB NEMAKAGON River, SEc. 21, T. 43, R. 7 W. 


As previously stated, about 1000 feet below the granitic ledge, the members of the 
Copper-bearing series cross the Nemakagon river and appear on its south side. The 
rock is here, in general, fine-grained, minutely crystalline and nearly black, or dark 
greenish black. It is not usually amygdaloidal, but in places there are small particles 
where amygdules of chlorite and laumonite occur, and, occasionally also, small spheri- 
cal nodules of calcite, with which are sometimes associated small grains of pyrite. 
Some portions of the rock contain a large proportion of non-magnetic iron ore. The 
dip is given as 38° on a course N. 30° K. 

On the south side of the river, the rock, which is a diabase and diabase-amygdaloid, 
shows scams and small veins of epidote and amygdaloidal cavities, containing ortho- 
clase, calcite, epidote and chlorite, the latter in dark, shot-like spherules. 

About 250 yards south of the river, there is asmall exposure in which pyroxene forms 
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a large ingredient, and with this, quartz and considerable chloritic matter in thin layers 
are associated, About 100 vards west of this is another similar small ledge. 

Four miles to the northeast of this, on the town line between ranges 6 and 7, town 
43, and extending thence up the Nemakagon river for about quarter of a mile, there 18 
a succession of trappean ledges —composed mainly of dark diabase —(specimens 314 
to 318). ‘The following figure shows a profile of the outcrop nearest the town line. 


~~ 
Ltt - 
Section oF Exposurns oN THE Nonrtn Bank or Tne NEMAKAGON RIVER, XEAR THE RANGE LINE 
BETWEEN RaNGEs 6 AND 7, Town 43. 


The ledge next the river is rather a fine-grained, reddish brown diabase. Adjoining 
this, the rock is darker and softer, having in some portions a somewhat greasy feeling, ap- 
parently from the presence of chlonitic material. This passes into a very dark, close-text- 
ured diabase. The upper ledge consists of a more obviously crystalline rock, probably 
a diabase. It shows a notable tendency to split into rudely rhombohedral blocks. The 
succeeding outcrops along the river above are but slight exposures in the bank. About 
a quarter of a mile above, there appears a very minutely crystalline, almost black dia- 
base, containing scattered amygdules of chlorite, with copper pyrites anda little mala- 
chite. It also contains large isolated patches of epidotic rock, through which chalcopy- 
rite is disseminated in grains. The exposure extends about 50 feet along the north 
side of the river, and is much riven and dislocated on the surface. It reappears about 
50 feet below, where it is more coarsely crystalline, and contains spherules of epidote 
enclosing a core of copper pyrites. 

About one mile below the above series of outcrops, on the line between Secs. 1 and 2, 
T. 43, R. 7 W., the river has again denuded the formation for a space of about 100 
yards, It is here a coarsely crystal!ine augitic rock, verging in places into an amygda- 
loidal diabase, contaming large spherules of dark chlorite. In one place in the river 
the rock becomes unusually coarse, and contains crystals of feldspar one-half inch 
across. On the south side of the river, it appears as a finely crystalline diabase, con- 
taining a notable ingredient of magnetite, and strongly affecting the needle. Its tend- 
ency is to fracture into sharply angular blocks. 

The foregoing constitute the outcrops of the Keweenaw series observed in this vicin- 
ity. Others were reported, and were sought, but escaped discovery. Doubtless others 
exist, but the wildness of the forest renders it very difficult to find them. 


THE TOTOGATIG DISTRICT. 


To the southwestward, along what is presumed to be the southerly 
margin of the Keweenaw series, the surface is occupied by heavy 
drift accumulations, which quite effectually conceal the underlying 
formations. To the northwest, however, about 12 miles, there is a 
parallel belt nearly 30 miles in length, over which are scattered, in 
comparative profusion, bare or slightly concealed ledges. This belt, 
which is here called the Totogatig district, extends from Pigeon lake, 

Von. IT.— 26 
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in Sec. 34, T. 45, R. 8 W., southwesterly to T. 41, R.11 W. With 
two exceptions — viz., a sandstone and a conglomerate — the series is 
formed of trappean rock, mainly diabase and diabase-amygdaloid. 
The general strike is nearly due S. W., and the average dip about 


24° N. W. 


T. 45, R.8 W. From near the southwestern extremity of Pigeon lake, a range 
stretches diagonally across the S. E. qr. of Sec. 33, T. 45, R. 8 W., and enters the 
adjoining township on the south. The character of the rock varies somewhat, but in 
the main, consists of two principal varieties, one of which is very dark and quite soft, 
from the presence of chloritic material, and contains some amygdules of epidote and 
quartz, while the other is an iron gray, very bard, pseudo-amygdaloidal diabase 
(spec. 369). 

T. 44, R.8 W. Proceeding southwestward, on this line, in Secs. 5 and 8 of T. 44, 
R. 8 W., frequent ledges are encountered, some of them rising in perpendicular acclivi- 
tics into considerable hills. One of the more noteworthy of these is found near the 
quarter-post of the sections mentioned, and consists of a dark greenish black diabase, in 
which amygdules are rare. 

Passing on southwestward to the center of Sec. 7, we find two large parallel ranges 
of trappean rock, having the common trend of the formation. The southeasterly ndge 
is composed of a dark reddish diabase, containing some small spherules of chlorite 
and calcite. The northwesterly range consists of hard, dark brown, finely crystalline 
melaphyr or diabase, containing occasional large crystals of pyroxene (spec. U68). 
Three hundred paccs northeast of the center of the section, the rock is coarscly crystal- 
line, and at five hundred paces, while retaining its general color, it presents numerous 
small reflecting faces of augite. 

At 923 paces northeast of the southwest corner of this section, is another outcrop be- 
longing to the same series, which shows, what 1s a common feature of this belt, an 
abrupt southeasterly exposure with a gentle northwesterly declivity; a feature due to 
the inclination of the beds. The dip is 25° in a direction N. 33° W. ‘The rock isa 
rather coarsely crystalline diabase of dark, slightly reddish color. About 350 paces 
southwest of this is an outcrop of dark, granular crystalline melaphyr (spec. 367), and 
about 100 paces farther (500 paces from the S. W. corner of the section), an exposure of 
hard, dark brown diabase, of medium crystalline grain (spec. 366). 

T. 44,R.9 W. On entering the adjoining town, we encounter near the S. E. corner 
of Sec. 12, a bluff of eruptive rock, probably melaphyr; and to the north and south of 
this for nearly a mile along the range there are numbers of high, steep hills of similar 
trappean rock, which are largely concealed, however, by soil and vegetable mold, and 
covered by a dense growth of heavy timber. In the N. E. 14 of Sec. 12, between the 
quarter-post and a brook lying north of it, is a high, steep hill of trappean rock that prob- 
ably represents a variety of the Keweenaw melaphyr, characterized by ‘luster mot- 
tlings,”’ though these are small and inconspicuous. It is hard, reddish brown, com- 
pactly crystalline, irregular in fracture and contains a little magnetite (spec. 365). 

About two miles southwest of this (N. E. 17 Sec. 15, T. 44, R. 9 W.), a hill of diabase- 
like rock forms the extremity of a chain of hills stretching southwesterly as far as Sec. 
98, The rock is of « dark reddish color, brittle, fine grained, and contains amygdules 
of calcite, chlorite and epidote. In some places there are veins of the latter mineral 
containing particles of native copper. The tendency of these veins is to follow the south- 
westerly trend of the crest of the ridge. One was traced a quarter of a mile. The ridge 
has the usual abrupt southeast face, with a gentle slope to the northwest, in which direc- 
tion the beds dip 20°. On this ridge glacial striae were seen bearing 8. E. This ledge 
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is overlaid on the northwest by a similar one, likewise containing epidote veins flecked 
with malwhite, native copper and its red oxide. It also contains red) sedimentary rock 
in the seams and fissures. ‘The two ridges are parallel and perfectly straight for one- 
half mile. They reappear near the line between Sees. 15 and 22, forming at one point 
a conspicuous Jill, 10 feet high, from which is attorded a tine view of the Eau Claire 
lukes, and the copper ranges of Douglas county in the distance. This is the “* Smoky 
Hill,” or ** Wani-baju's Blacksmith Shop " of the Indians. Its constituent beds dip 27’ 
N.W. The basal bed of these ridges is a quite soft, mottled, eruptive rock, which ap- 
pears to the unaided eye to be mainly composed of auyite. In the 8. W. 4y of Sec. 22 
there are several long, high ridges, which occasionally expose a similar mottled augite- 
bearing rock, and which are to be correlated with beds underlying those above described. 

To the southeast of these, is a hard, dark reddish brown, fine grained diabage, con- 
tuning some spherules of chlorite, but wanting in the veins of epidote so conspicuous 
in the other exposures. The ridges continue southwestward into the S. E. qr. of Sec. 
21, the rock being always dark colored, fine grained, with a reddish tinge, and often 
amyprdaloidal. 

Near the quarter-post between Secs. 21 and 22, there is an outerop of dark colored 
eruptive rock consisting of two beds. The underlying one is very fine grained and con- 
tains amygdules of calcite, epidote, chlorite and quartz, the latter often lining the cavity 
concentrically, giving rise to an agate structure. ‘The overlying bed is a very fine 
grained, hard, dark greenish gray, amygdaloidal diabase, the cavity-fillings being 
quartz, chlorite, laumontite, epidote, and occasionally malachite. One or more out- 
crops occur within the S. E. qr. of Sec. 21. There is also an outcrop of rather soft, 
coarse grained, reddish brown trap lying oft the range we have followed, on the east, in 
the S. W. qr. of Sec. 14. 

Near the N, E. corner of Sec. 22, the formation exposes itself in an interesting and 
characteristic way by the protrusion of the upturned edge of its beds, forming monoclinal 
ridges after the prevalent fashion of the region. A profile is given in the accompanying 
figure. The dip of the whole is about 29° to the N. W. 


SnowinG PROFILE oF OUTCROP SITCATED NEAR THE N. E. Corner or Sec. 28. T. 44, R. 9. 


The rock belongs to two distinct classes, the uppermost consisting of trappean beds 
and the lower of conglomerate. The former consists of an amygdaloidal diabase, ren- 
dered somewhat porphyritic by distinct feldspar crystals. The amygdules are noted as 
mainly quartz and epidote. Particles of sulphide of copper were observed in places. 
An interesting feature of these beds is the inclusion, in cavities and vertical and hon- 
zontal seams, of red sedimentary rock. (See Fig.) The lines of stratification of these in- 
cluded portions, conform to the strike and dip of the formation. The phenomena indicate 
that the trappean rock was much broken and fissured previous to the deposition of the 
sedimentary mud and sand which filled the fissures, and was subsequently hardened and 
tilted with the whole series. Directly underlying the amygdaloid is a stratum of coarse 
conglomerate, the pebbles of which reach a foot in diameter and are always round and 
smooth. They are chiefly composed of a hard, reddish quartz-porphyry. The observed 
thickness of the conglomerate was about thirty feet. 

Westward, about half a mile, near the quarter-post of Secs. 21 and 28, T. 44, R. 9 
W., there is a fine-grained, dark-gray, slightly amygdaloidal trap. Southwestward a 
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mile and a half is a brown stone diabase, exposed near the center of Sec. 32 (spec. 361), 
which is closely allied to one found about a quarter of a mile southeast of the latter in 
the S. E. qr. of Sec. 82. These outcrops are concealed by thick brush, and were struck 
in a random search. 

Town 43, R.9 W. The adjoining town on the south (T. 43, R. 9 W.), is largely 
low, flat, marshy country, but wherever there is an island in the prevailing ce lar swamp, 
it usually exhibits Keweenawan rock. The difficulties of traversing it, except when 
frozen, are a scrious obstacle to exploration, and only a few of tne more accessible out- 
crops were examined. In the 8. E. qr. of Sec. 6, the Totogatig-once river is bordered 
on either side for half a mile, by bluffs of trappean rock, reaching at some points an 
altitude of 200 feet. The uppermost beds are a dark, slightly reddish diabasoid rock 
of fine grain, which is underlaid by dark reddish brown diabase amygdaloid, enclosing 
quartz, epidote and chlorite. From this point, for half a mile, there are dark augitic 
beds, succeeded for 100 yards by a soft, dark red diabasoid rock, followed for 200 yards 
by a coarse-grained diabase, and for 50 yards by a very dark, soft diabasoid rock with 
very large spherules of dark chlorite; again by 00 yards of very fine-grained gray dia- 
base amygdaloid, with calcite as the cavity filling. 

If we follow down the Totogatig-once into the west half of the section, we shall 
encounter, about a quarter of a mile above Whalen’s dam, light colored, greenish dia- 
base amygdaloid, the cavities of which are numerous and weil defined, and are occupied 
mainly by quartz. Adjacent to this, the surface is occupied for 10) yards by a dark 
diabase of close grain, which is succecded by a very fine-grained, dark-reddish crystal- 
line rock containing nodules of chlorite. Following down to the dam, near the east 
quarter-post of Sec. 1, T. 43, R. 10 W., we find the stream making its bed in a dark 
colored, rather coarsely crystalline, diabase-like rock, usually having a somewhat red- 
dish hue, associated with nearly black, feebly amygdaloidal beds, with small nodules of 
calcite and epidote. 

Below the dam the rock is entirely of a coarser augitic, mottled character, probably 
melaphyr, and is very much fissured and broken. The partings between the dipping 
beds frequently contain irregular seams of quartzose and chloritic substance, striated in 
the direction of the dip. This was not observed in any of the numerous other fissures. 
The dip is 25° to the N. W. 

Below this, in the southeast bank of the stream, is a long, low ledge, little more than 
two feet high, and only accessible in low water. It forms the base of a hill about twenty 
feet in height. The rock is of medium hardness, dark, minutely crystalline texture, and 
is without amygdules. Its dip is 25° tothe N. W. 

A little over a mile down stream, southwestward, near the quarter-post between Secs. 
11 and 12, the Totozatig-once is joined by a creek coming in from the southeast. This 
latter is bordered for two miles by a continuous succession of cliffs, msing in some in- 
stances 200 and 300 feet in height. The dip is 32° tothe N. W. The dip of the ledges 
gives to the cliffs a moderate slope on the northwest, but they have a precipitous face in 
the opposite direction, producing a serrate sky-line. The entire series apparently con- 
sists of diabase and diabase amygdaloid in alternating beds. Within about half a 
mile of the eastern extremity of this range, in the 8. W. qr. of Sec. 18, T. 43, R. 9 W., 
there is an outcrop of dark brown, fine-grained, epidotic diabase amygdaloid, with cavity 
fillings of epidote and quartz (spec. 359). North of this, in the west half of the section, 
there are several exposed ledges of diabase. 

For half a mile along a creck that flows from Sec. 7 of this town, through the north- 
ern part of Sec. 13 of the adjoining town (T. 43, R. 10), there is a range of black mot- 
tled diabase, replaced toward the northeast by a soft, dark brown amygdaloidal rock, 
containing nodules of calcite and epidote. At one place in this, an east and west vein 
eight feet wide was found, consisting chiefly of epidotic rock, and carrying crystals of 
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epidote, quartz, calcite, chlorite, and orthoclase, the latter occasionally measuring a half 
inch across. In one place small specks of malachite were seen. The south wall of this 
vein consists of hard, dark brown, non-amyadaloidal diahase-like rock. 

T. 43, R.10 W. Inthe N. W. qr. of See. 18, T. 43, R210 W., isa small ridge which 
reveals a dark brownish red, rather soft, crystalline rock, containing irregular masses of 
epidotic material, and, in some places, large amounts of dark green chlorite in amygda- 
loidal form. The vertical faces of the ledge show large, irregular holes, and the rock 
generally has a partially decomposed appearance. 

About thirty rods west of north of this, is an outcrop of similar rock, containing 
amverdules of calcite, ° Northwest from this, at the dam, on the Totogatig-once (also 
noted as Whalen’s, 8. E. qr. of See. 1, T. 43, R. 10 W.), there is a ledge running in a 
northeast course along the left bank of the stream for a quarter of a mile, and having 
a height of about 50 feet. It consists of a very hard, fine-grained, dark red diabase, 
with occasional seams and nodules of calcite. 

In the N. E. qr. of Sec. 14 of this town, is a hill composed of finely crystalline, dark, 
slightly reddish non-amygdaloidal diabase. A half mile south of this is a protuberance 
of more coarsely crystalline, reddish diabase, containing some small amygdules of chlo- 
rite. Three miles southwest, near the quarter-post of Secs. 23 and 33, ‘I. 43, R. 10, a 
hill in the woods exposes a very hard, dark colored, crystalline rock, with considerable 
epidote minning through it in irregular masses. Near the top of the hill is found a very 
hard, greenish epidotic rock — probably epidotic diabase amygdaloid (spec. 347) — con- 
taining nodules and sometimes geodes of quartz and some specks of malachite. In 
miner's parlance, the ‘‘ mineral indications ** would be considered good here. 

T. 42, R.10 W. Within a mile south of this, in the northem tier of sections of the 
adjoining town (T. 42, R. 10 W.), we reach the Totogatig river, along which, through- 
out the entire township, there are numerous exposures of the formation. It will, per- 
haps, be most convenient to notice them as they are encountered, descending the 
stream, which will, in general, be in the ascending order of the strata. A little below 
the dam on the Totogatig, probably in the 8. E. qr. of Sec. 12, T. 42, R. 10 W., on the 
left hand side of the stream, the timber road runs over a small hill of diabase, which is 
hard, tough, compact, close-grained, biack, and free from amygdules. About a quarter 
of a mile below, on the same side of the streain, is a small denuded surface of rock, 
near the edge of the river, consisting of a greenish black melaphyr or diabase, contain- 
ing a little copper pynites. 

A quarter of a mile farther down. the river runs in rapids over a ledge of rock similar 
in texture to that nearest the dam, but of dark gray color, rather than black, and giving, 
on weathering, a thin, brown, ferruginous coating, in distinction from that of the pre- 
ceding, which was nearly white. Near the line between Secs. 1 and 2, there is a ledge 
on the west side of the river, exposed about 80 yards in length, and terminating at the 
Big falls. The upper part of this ledge consists of a fine-grained, dark-gray diabase 
amygdaloid (sp. 329). Thirty yards down the stream, the rock becomes a reddish- 
brown amygdaloid. At the falls, the rock is a very hard, compactly crystalline melaphyr 
of a dark, iron-gray color, modified by a very slight reddish tinge (sp. 330). On smooth 
weathered surfaces, it has a dark, dirty red hue. The river here rushes through a nar- 
row channel of 15 feet, between melaphyr on either side, and falls, in a short cascade, 
about 10 feet. The ledges are much cut up with seams and joints on all directions. 
About 50 fect west of the falls there is a fine exposure, rising about 20 feet in height, in 
which the rock is light gray, very hard, fine-grained, and contains a large amount of 
quartz and epidote, mingled in smull amygdules. It a!so occasionally exhibits sma!] 
quartz veins and seams. 

At an old camp on the river, near the east line of Sec. 2, is a fine-grained, greenish- 
black diabase, forming the nucleus of a small hill. About 100 yards southwest, on the 
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timber road, is another outcrop of light greenish-gray diabase amygdaloid, containing 
considerable quartz and epidote. 

On the road, in the N. W. qr. of Sec. 2, is a small flat exposure of dark, reddish- 
brown diabase amygdaloid, calcite being the chief filling of the cells (sp. 352). 

Somewhat north of the center of Sec. 3, is a limited outcrop on the west side of the 
road. It consists of a fine-grained, dark, reddish-brown diabasoid rock, containing a 
1arge amount of epidote, both in the rock and in small amygdules, and also in large, 
irregular patches, some of which have an indistinct stratified appearance. In this 
exposure there is a remarkable bed of stratified rock, two feet in thickness, entirely con- 
formable to the under and overlying trappean beds. It consists of a hard, dark-brown, 
very fine-grained schist, apparently the indurated product of a laminated shale. It still 
splits readily into its original constituent leaves, which are distinctly shown in the cross 
fracture by variations in color and composition, and also on the weathered edge by the 
ditferent degrees of resistance they have opposed to abrasion. It is closely associated 
with the igneous rock, both above and below, and hand specimens may be obtained in- 
cluding both at once; yet the line of demarkation is distinct. Its metamorphism was 
perhaps due to the heat of the superposed igneous bed. 

Near the west line of Sec. 3 is a rather large and conspicuous hill, about the base of 
which are several rock exposures. These consist of a black diabase; in some places 
very minutely crystalline, and in others more coarsely so, showing cleavage faces of 
- augite. Near the centre of Sec. 4 there is a small outcrop of epidotic amygdaloid 
(sp. 3d8), 

About one-half mile below the mouth of Shelldrake creck are the ‘‘ Middle Falls’ of 
the Totogatig, where the river shoots through a narrow channel with a fall of about 8 feet 
in a distance of 100 feet. The rock exposed here is a mottled diabase. Dip, 25° to the 
N. W. About 200 yards below, the formation is well exposed on the west side of the 
river along the rapids for 200 yards, the rock being of the same kind as at the falls. 
About 140 yards below, the diabase is finely exposed in a bluff about 40 feet high, also 
on the west side of the river. On the east side a light green, quite peculiar rock, which 
appears to be a highly altered diabase amygdaloid, is found (sp. 339). Trappean rocks of 
the more usual kinds occur at intervals along the river for 200 yards. 

In the road, about one-fourth of a mile above Bean’s camp, at the mouth of the 
Shelldrake brook, in Sec. 4, are numerous small exposures of trappean rock (N. E. ar. 
Sec. 4, T. 438, R. 10 W.). In one the rock is dark greenish black, and somewhat 
epidotic. In another it is a light greenish gray, epidotic amygdaloid, containing numer- 
ous nodules of quartz. In another the amygdules are mainly of epidote and chlorite. 

On the west bank of the Totogatig river, in the N. W. qr. of Sec. 4, T. 42, R. 10 
W., near the water's edge, isa small, low outcrop representing the sedimentary portion 
of the Copper-bearing serics. The upper six inches consists of a trap-derived sand, in 
which particles of nearly all the varieties of the igneous series ean be detected. Below 
this lies a bed of conglomerate, containing besides trappean grains, seams and irregu- 
lar pieces of brown indurated shale. These exhibit no lines of lamination, but lie with 
their longest plane parallel to the lines of stratification. At the base of the limited 
exposure there is a very fine-grained, brown, mdurated sandstone, of quartzite-like aspect 
and conchoidal fracture. It shows distinct Jines of deposition. The whole dips 25° to 
the N. W., thus conforming to the general dip of the series. he whole is underlaid 
by a fragmental rock which Prof. Pumpelly identifies as the typical Keweenaw con- 
glomerate. 

About 300 yards below, the formation reappears in a hill 100 feet west of the river. 
The red shale mentioned above as a constituent of the second layer, here shows 
lines of stratification. Above this, a red sandstone of trappean derivation discovers 


itself in the face of the b'u. 
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Proceeding down the river, which here has a course about S. 30° E., the conglomer- 
ates and sandstones appear in alternating layers, At the head of the rapids, about a 
half mile below, called the Slough of Grundy,’ there is a fine exposure on the west 
side of the stream. ‘The dip is here, as before, 25° to the N. W. The beds are gener- 
ally thin, and the conglomerates and sandstones persistently alternate with cach other, 
The conglomerates appear to contain nothing which might not be derived from the 
trappean series. The lower beds of the conglomerate contain larger and more rounded 
fragments, one variety of which is a porphyritic rock, not observed in place. 

In one place in the conglomerate there is a layer of epidote rock about two inches 
thick, as hard, and precisely similar to that found in the igneous beds, but which shows 
lines of lamination on the weathered surface. All these are conformably underlaid by 
a fine-grained, greenish black, igneous ruck of considerable — though not fully exposed 
— thickness, 

About the middle of the “Slough of Grundy," on the west side of the stream, is an 
exposure of diabase in a vertical wall, about 8 feet high and 100 feet long. About 100 
yards below this, on the east side of the river, the formation presents a very interesting 
phenomenon. The rock all appears to be a fine-grained, hard, black diabase. — It 1s, 
however, mottled on exposed surfaces, and presents the appearance of a conglomerate 
in which the matrix and the pebbles are of the same matenal. Large round boulders 
from 1 to 4 feet in diameter are enclosed in it at irregular intervals, and about these the 
rock is much cracked, and shattered in all directions. Fifty yards below this the rock 
has the same composition, but contains large amygdules of chlorite and irrezular masses 
of epidote a few inches in circumference, orthoclase, quartz and chlorite. ‘The conglom- 
eritic character of the rock is here better detined than at the locality mentioned wbove. 
It contains seams of epidote running in all directions, and in one place includes a red 
shale showing apparent lines of stratification. 

Below this 200 yards, a ledge of fine-grained, dark, reddish diabase-like trap crosses 
the river, and 200 yards below that, rapids again begin, having for their barrier rock 
a dark diabase. Next below is a disclosure of about 10 feet of gray diabase, the in- 
dividual crystalline ingredients of which are-more distinct and conspicuous than usual, 
though not very large. Next succeeds a coarse, dark, mottled diabase, 12 feet in thick- 
ness, followed by a bed of 6 feet of a coarse, diabasoid rock of irregular and varying 
structure, somewhat chloritic and epidotic in irregularly distributed portions. Next 
succeeds a coarser, mottled diabase 20 feet in thickness, followed by a bed of epidotic 
rock 5 feet in thickness, which is, in turn, succeeded by twelve feet of rock of distinctly 
individualized crystalization, similar to that described above. 

In the N. E. qr. of the 8S. E. qr. of Sec. 5, T. 42, R. 10 W., is a small hill of very 
dark, close-grained amygdaloid, containing calcite. In the N. W. qr. of the S. W. 
qr. of Sec. 5 are-two small exposures of trap in low hills. The first consists of dark 
reddish, somewhat amygualoidal rock, containing epidote and calcite. The other, about 
50 yards S. E. of this, has for its lower bed a light greenish gray epidotic rock. This 
bed 1s overlaid by a fine-grained, dark brown diabase pseudo-amygdaloid. ‘The amyg- 
dules are largely of calcite. In some parts, there are seams of chlorite, which is here 
less dark and ferruginous than iscommon. This is succeeded on the 8. E. by a dark 
mottled diabase, which was traced 100 yards, when it became concealed. About 200 
yards N. 70° W. of the last exposure, and about 200 feet south of the river, is a small 
hill of what has been identified by Prof. Pumpelly as diabase tufa of the ashbed type 
(sp. 337). It has a thickness of at least 50 feet. The main constituent isa fine-grained 
and dark reddish brown rock, ‘This, in portions, is very highly amygdaloidal or tufa- 
ceous, but a portion of it very closely resembles the indurated sedimentary formation. 
The cavities are largely occupied by calcite and epidote. At the base of this stratum, 
in one locality, and lying between it and the amygdaloid that underlies it, there is a 


408 GEOLOGY OF THE UPPER ST. CROIX DISTRICT. 


hard rock of quartzitic aspect. conchoidal fracture, and laminated structure. It appears 
to be the indurated product of a semi-metamorphosed shale, or fine sand, derived from 
the igneous beds. It seems to occupy a hollow in the surface of the underlying rock, 
and conforms to its dip. The following figures represent its surface and sectional 
appearance: 


Fig. 5a. 
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SHOWING THE RELATION OF THE INDURATED STRATIFIED Rock To THE AMYGDALOID BELOW AND 
DiaBASE Tura AROVE— SURFACE VIEW. 


'Fia. 5b. 


Tue SAME —PROFILE VIEW. 


The underlying bed is amygdaloidal, probably a diabase, enclosing chlo.ite; and 
below this is a minutely crystalline trap, probably a diabase. The dip here is 24° to 
the N. W. 

On the S. E. bank of the Totogatig river, near the line between Secs. 5 and 6, there 
is a small, uncovered area of a dark reddish, highly crystalline, diabase-like rock. 
About 39 yards below, on the opposite side, the rock has the same color, but is more 
minutely crystalline, and carries considerable epidote. About a fourth of a mile below 
the section line, there is a low ledge of epidotic rock, of light greenish gray color, asso- 
ciated with a dark greenish trap containing some chlorite. About a quarter of a mile 
below this, at some short rapids, there is a fine exposure on both sides of the river, con- 
sisting of a minutely crystalline, greenish black, epidotic amygdaloid containing nodules 
of calcite and chlorite, and occasional seams of quartz. The bed has a thickness of 10 
feet. In this exposure is also found a hard, bright green, epidote rock, having a some- 
what resinous lustre. At the middle of the rapids, a very fine-grained black diabase is 
exposed for a thickness of 15 feet, and at the foot there are 4 feet of fine-grained crys- 
talline rock, in which there is much irregularly distributed epidote and quartz. It also 
contains small specks of native copper. It is underlaid by 5 feet of hard, greenish gray; 
epidotic diabase amygdaloid, with quartz and epidote filling the vessicles (sp. 342). The 
strata at these rapids are noted as having the singular dip 24° on a course N. 60° E. 
The lower two feet are characterized by a more irregular arrangement of the secondary 
minerals (sp. 243). About one-fourth of a mile below this, we come to the lower falls 
of the Totogatig. These falls, together with the rapids, extend for about 100 yards, and 
d-scend 25 feet. They offer a very fine water-power. At the head of the rapids, the 
rock is minutely crystalline, black and dark red, frequently containing amygdules of chlo- 
rite. Atone point, a small vein of dark green chloritic material, much decomposed 
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and carrying considerable quartz, was observed; and, near it, a vein of quartz carrying 
particles of native copper. 

About 20 feet below this, the rock is a reddish-brown amygdaloid, containing caleite, 
chlorite and orthoclase. The beds are bere very much broken up and shattered, and 
seem to dip in all directions, but chiefly toward the N. W. Short veins of quartz and 
chlorite are very numerous, and often contain small particles of native copper and mala- 
chite. This ends the series on the Totoyatig. 

In the N. E. qr. of Sec. 8 (T. 42, R. 10 W.), there is a ledge of dark reddish-brown 
amygdaloid, containing chlorite. It has a dip of about 20°N. W. Commencing in the 
northwestern portion of this section and the southwestern of See. 5, there extends south- 
westward to Frog creek, on the west line of Sec. 13, T. 42, R. 11 W., an almost contin- 
uous range of exposed trappean ledges. It has a width of from 20 to 80 rods, and 
consists of a dark diabase (sp. 322), which maintains a quite constant character through- 
out the range, save a variation in coarseness of crystallization. The ridge is heavily 
timbered with birch, maple, balsam and some pine. Above this, on and adjacent to 
Frog creek, there is a large area of the formation, mainly denuded of superficial accumu- 
lations, occupying parts of Sees. 13 and 24, T. 42, R. 11 W., and Sees. 17, 18, 19 and 
20, of T. 42, R. 10 W. Commencing near the range line on the east side of Sec. 13, 
Frog creek channels through trappean rock for about one-fourth of a mile. To this the 
name “ Darnells *’ has been given. The rock is in general a diabase amygdaloid, con- 
taining large quantities of dark chlorite, and also, in places, a large amount of epidote. 
At one locality near the middle of the Darnells, a north and south fissure, about six 
inches wide, was seen, the walls of which were lined with a seam of quartz one-half 
inch thick, faced with crystal points directed toward the center. The interior of the 
fissure seems to be occupied only by loose rock. 

About 100 yards west of the Darnells, there is another good exposure, in the bed of 
the stream, consisting of a hard greensh-black, rather coarsely crystalline diabase, con- 
taining considerable magnetite. 

East of the Darnells, about 200 yards beyond the ranve line, and in the wood, 50 
to 100 yards south of the river, are several low, long ledges of dark, hard, greenish-black 
amygdaloid, containing considerable quartz and epidote in cells and seaing. 

Starting from the west quarter-post of Sec. 18, T. 42, R. 10 W., there stretches, for a 
mile northeast, a range of coarsely crystalline diabase, having a dip 24° N. W. It forms 
a ridge about 100 yards wide. This seems to be overlaid in places on its northwest side 
by a more closely crystalline, dark-reddish amygdaloid. 

Proceeding from the northeastern extremity of this in a southeasterly course about 
fifty yards, another ridge about 120 yards wide is encountered. This is a comparatively 
soft, rather coarsely crystalline, dark red, shyhtly amygdaloidal rock, containing chlorite 
and some epidote, as occasional constituents. 

Advancing southeasterly 200 yards, we find a small outcrop in the middle of a tamarac 
swamp. ‘This rock is a very hard, medium, or fine grained, epidotic diabase amygda- 
loid. Calcite is associated with epidote in the amygdules. 

The foregoing ridges have a marked northeasterly trend, and in contour, present an 
abrupt southeast side, often forming a cliff exposure of a few feet, with a gentle slope 
to the northwest. The timber on these is hard wood. Low flat ground, usually swampy, 
lies between them. 

The height of the ridges above the intervening swamps is seldom more than fifty feet, 
and may be averaged at thirty feet. The rock continues to appear in low exposures, for 
about 200 yards down stream. 

Returning to near the center of Sec. 18 (T. 42, R. 10 W.), at the dam noted as the 
second one, are numerous exposures of the formation. In these there appears to be a 
general parallelism of the abrupt southeast sides of the outcrops, and a gentle slope of 
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about 12° to the northwest. Th2 rock appears to be a dark, hard melaphyr (spec. 321), 
presenting a mottled aspect on the weathered surface. There are some faces on the 
east side of the river that dip about 30° in a direction N. 50° W. 

In the N. W. qr. of the S. W. qr. of the section, there is a small exposure on the ‘‘ tote ”’ 
road consisting of a dark, reddish brown diabase amygdaloid (spec. 320). This rock is 
softer than is common and packs under the hammer. About 100 feet west, the rock 
becomes more coarsely crystalline, and very hard, containing much quartz in amygdules. 

Ascending Frog creek to the 8. W. qr. of Sec. 17 (T. 42, R. 10 W.), about 10) feet 
below the upper dam, on the east side of the stream, are several large ledges of very 
hard, reddish brown, coarsely crystalline diabase, This, and much of the trap in the 
vicinity, on weathering, presents a mottling of white spots. Near the 8S. W. corner of 
Sec. 17 (T. 42, R. 10 W.), at Dunn's old camp, are several low denuded ledges of 
anygdaloid, containing chiefly chlorite, with some quartz and epidote, as cell-filling, 
with occasional seams of the latter. In some of the quartzose portions, small particles 
of native copper were scen. Much of the rock here is soft and will pack under the 
hammer. About forty rods northeast of Dunn's old camp, there is quite a large hill of 
very hard, distinetly ervstalline, dark iron gray, epidotice diabase amygdaloid. 

Passing on into Sec. 20, about 3U0 feet below the Dalles we encounter a small ledge 
of very hard, fine-grained, greenish gray, epidotic amygdaloid. At the Dalles (N. E. 
qr. of N. W. qr. of See. 20, T. 42, R.10 W.) there is a fine disclosure of diabase, form- 
ing the barrier rock of the falls and the Dalles. This isthe highest point on Frog creek 
where rock in situ is known to occur. The rock first encountered is of a dark red color, 
somewhat soft, and full of large amygdules of chlorite, which are sometimes surrounded 
by ashell of epidote. Ascending, a very fine-grained, iron gray, non-amygdaloidal rock 
is found, followed bya very hard, compact, nearly black diabase amygdaloid, containing 
chlorite and epidote. The dip was not satisfactorily made out. There are a great num- 
ber of small ledges scattered over this quarter section, appearing here and there in the 
brush. 

T.42,R.11 W. Returning to the adjoining township (T. 42, R. 11 W.), we find 
near the southeast corner of Sec. 13, about 200 feet south of the lowest exposure on the ad- 
jacent portion of Frog creek, a ledge consisting of very fine-grained, dark reddish brown 
diabase amygdaloid, carrying nodules of epidote and quartz. The bed is about 75 feet 
thick. This is overlaid by soft, brown, chloritic amygdaloid, 100 feet thick. Next 
there is 30 feet of dark, rather coarsely crystalline, diabase amygdaloid, carrying, in the 
cavities, quartz and epidote. There follows this a hard, finely crystalline, reddish gray, 
diabase amygduloid, containing spherules of quartz, epidote, and a little laumontite 
Thickness, 10 feet. This is succeeded by a dark brown, rather coarsely crystalline, dia- 
base, in thickness 10 feet. To these outcrops then succeed a belt on the hill side, want- 
ing in exposures, but in which all the surface rock is sandstone, which is usually dark 
red, and contains much quartzose material and grains derived from trappean rocks. It 
is to be noticed that there is little foreign drift in this vicinity. 

About a quarter of a mile southeast of this, there is a low exposure of rather coarsely 
crystalline diabase. Near the W. line of the §. E. qr. of Sec. 13, about 200 feet south 
of the creek, is an outcrop of rather coarse, very dark diabase. 

About 200 feet southeast of this, a small mdge shows much loose sandstone of trap- 
pean derivation. About one mile south of the above, near the S. E. cor. of Sec. 24, (T. 
42, R. 11 W.), and on the north of a small brook, is a low exposure of dark, rather 
coarsely crystalline diabase (sp. 322). 

About one mile west of this, in the S. E. qr. of Sec. 23, there is a low exposure of 
similar diabase, on both sides of a small tributary of Frog creck. Near the centre of 
Sec. 23, on the south bank of the same stream, is a low outcrop about 100 yards in 
length, of a nearly black, fine-grained diabase. 
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In the N. EF. qr. of Soc. 23. T. 42, Ro 11 W., is a small uncovered area of a rather 
oarsely crystalline, dark, reddish brown, ainyygdoidal diabase, carrying quartz and 
sileite, 

About 300 yards northwest of this, is a very fine grained, compact, brown diahase, with 
unygdules of quartz only. This is overlaid by a rock similar to that seen in the preced- 
ng outerop. Above this the rock shows planes of division, not unlike cleavage planes. 
Jn the northwest brow of the dome, the rock is dark brown, rather coarsely crystalline, 
with aggregations of quartz and epidote and specks of magnetite. 


- About 200 yards northwest of the last exposure, is another 
4 , ledge, rising about 20 feet high, and dipping 24° to the N. W., 
= in which the beds are quite distinetly individualized, having an 
= ubropt and irregular slope to the southeast — this representing 
& = their fractured edge —but more gentle and regular slope to the 

A 3 northwest — this representing their upper face. 
; be The lowest bed. is a rather coarsely crystalline diabase, 10 feet 
% “ in thickness, This is surmounted by a fine grained, black, or dark 
z gray chabase of 30 feet thickness, when there follows, a bed of the 
A % same, save the presence of red, jasper-like particles; and this 
\ é ayriuin is overlaid by rock like that beneath. The dip is 24’ N. 
je na W. About 150 feet southwest of this is another small hill of 
“ | a coarse diabase, Its position is such as to indicate that it may 
\ ‘}{ 2 forma bed about 50 feet in thickness, underlying the base of the 

5 = preceding outcrop. 
A : eS Next underlying this isa bed of fine-grained, brown diabase 
2 4 \: E+ amygdaloid, containing a large amount of calcite in the amyg- 
oe a pe dular cavities. Thickness, 20 feet. This reclines upon rock of 
\ t/ 2 ae similar general aspect, but mainly wanting in calcite, yet it con- 
'\9 & &2 tains considerable chlorite, and is rather coarser and softer than 
wm RZ the above. Thickness about 50 feet. This, again, is supported 
; ee by a hard, dark diabase amygdaloid, with a thickness of 40 feet. 
7\ ! 42 This is underlaid by a chloritic amygdaloid, 20 feet in thickness, 
: é 2 and underlying this, is a rather coarse epidotic diabase. Beneath 
| 2 this, again, isa fine-grained, dark, reddish brown diabase amyg- 
°  daloid, 25 feet thick, and this is finally supported by a fine- 
i E grained, dark gray and greenish gray, epidotic diabase amygaa- 
xy 3 A  loid about 50 feet thick. Near the S. W. cor. of this section (23, 
= 7. 42, R. 11 W.), there is a small exposure of a dark gray, fine- 
§ grained, somewhat amygdaloidal diabase. This is part of a 
F very low, long ridge that runs for about a mile from N. N. E. to 
\ o 8.8. W. 

< Near the N. W. cor. of Sec. 26, there is a very fine exposure, 
7 = ina break in the ridge, known as the “ Hole in the Wall.” The 
z rock here breaks down precipitously about 15 feet, forming a 
: ® pass which is occupied by the road. Lithologically the forma- 
3 # tion is here similar to that of the last exposure, but contains more 
2 & augite. It develops a white mottling on its weathered surfaces. 
& The dip is30°toN. W. There is a noticeable uniformity in the 


character of the rock for long distances on the line of strike,showing the persistence of 
the same beds. This rock is thought to lie at the base of the series found in the N. E. 
qr. of Sec. 23,and to immediately underlie the epidotic diabase amygdaloid. It proba- 
vly has a thickness of 200 feet. In the S. W. qr. of Sec. 28, T. 42, R. 11 W., on the 
south side of the south fork of Frog creek, there is a small outcrop of a hard, tough, 
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fine-grained diabase pseudo-amygdaloid, containing calcite and chlorite, and weather- 
ing to a light color to the depth of an eighth of an inch. Southwest from this, there 
are reported to exist one or two small outcrops, very difficult to find in the wilderness, 
but the formation becomes essentially, and at length completely concealed beneath the 
surface deposits. Indeed, it is doubtful whether this particular horizon of the forma- 
tion again appears within the state, or at any point to the southwestward. But if 
we pass almost due southwest about 36 miles to the vicinity of Clam Falls, we shall 
encounter another cluster of outcrops extending onward to the state line. 

It should be remarked that there are a considerable number of small exposures of 
trappean rock reported to lie to the eastward of the line we have, in imagination, 
pursued, bridging, in the main, the interval. Some of these were sought for, but the 
brush being thick, and the outcrops low, the exact spot was not found. As there is no 
rational ground for doubting the continuity of the formation, they possess only their 
own inherent interest, which, owing to the feebleness of their exposure, is not great. 


THE CLAM FALLS DISTRICT. 


T. 37, R.15 W. The first individual outcrop of the Clam Falls group, met in 
coming from the northeast, is in the N. E. qr. of Sec. 7, T. 37, R. 15 W., but the 
main exposures of the formation are nearer the falls, in Secs, 12, 13, 14, 23 and 24. 

In the N. W. qr. of S. W. qr. of Sec. 7, the rock protrudes from the drift in typical 
trappean, or step-like, outline, as shown in the profile on the preceding page. 

The rock is a dark, fine-grained diabase amygdaloid, and 
contains much quartz and orthoclase in small patches, asso- 
ciated with epidote, in small veins and crystalline clusters. 
The amygdules of epidote often have acentral filling of 
quartz; magnetite in small grains is also observable. The 
rock is much cracked and no distinct system of joints was 
discerned. Some portions of the rock are greenish, appar- 
ently due to disseminated epidote, containing an epidotic 
=  diabase amygdaloid, with dark chlorite as the main cell fill- 

ing. Drift groovings here bear nearly south. 

- The figure opposite represents a vein of amygdaloid, noted 
as crossing the beds nearly vertically. It is about three 
inches wide, with asoft chloritic seam one-fourth inch wide on 
"either side: 

There was also noted Fia. 8. 
as occurring here, a@ s7™™ 

SKETCH SHOWING VEIN OF yery peculiar wrinkled 
faraninore TRATERSE*® appearance, 28 though 

the igneous mass had 
flowed in a pasty condition. This is in the 
vicinity of a contorted vein of epidote as repre- 
sented by the sketch opposite. 

North of the river near the falls, the ledges 
mount up in steps of from 20 to 50 feet to a height 
of about 230 feet above the river at their base, form- 
ing a bold and conspicuous ridge, from which an  sxercn Saow1xa ConToRTED VEIN O83 
extensive view to the north may be obtained. Epipots anp PxrcuLiaR WRINKLINGS 
The slope of the strata is about 15° to the W. of N. °F TU® Sunrace. 

The superficial portion of the beds, which is that mainly exposed, 1s highly amygduloidal; 
while the central and lower portions are less markedly so. 
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On the southwest side of the stream, near the quarter-post of Sees. 13 and 24, and 
elsewhere on that side, the rock is generally less amygdaloidal; indeed the mass of the 
formation is not amygdaloidal, but containa scattered patches that are so. It cannot 
be distinguished in the field from the common dark diabase of the formation. 

T. 37, R16 W. TheS. E. qr. of Sec. 14, T. 37, R. 16 W., possesses interest as 
being one of the two localities where quartziferons porphyry is exhilited in the region 
described in this chapter. ‘The other locality is a little over two miles due south of this, 
inthe N. W. qr. of the N. EF. qr. of See. 35 of this township. The rock (spec. 209) in 
both instances is essentially the same. It is close-grained, pinkish red, and breaks 
readily into sharp-edyed, angular blocks. 

This tendency, under the action of the elements, especialiy frost, is exhibited im the 
natural outcrop to such an extent that the surface is mainly reduced to @ mass of sharply 
angular blocks. The larger, distinct crystals of feldspar vary from one-fifth to one-tenth 
of an inch in length, and are imbedded among a mass of much smaller crystals of the 
same mineral, associated with small particles of quartz, the whole forming a minutely 
crystalline base. 1t is not apparent to the unaided eye that there Is any strictly unin- 
dividualized matrix. The formation has a dip of 20° to N. 20? W. Taking this in con- 
nection with the position of the two outcrops, it appears evident that they do not belong 
to the same horizon, but, on the contrary, constitute portions of separate beds. 

In the. E. qr. of Sec. 23, there is a low outcrop of fine-grained, nearly black diabase. 
The small exposure gives no reliable indication of its dip or strike. A quarterof a mile 
north of this, there is another small outcrop of dark green, trappean rock, containing 
distinct cleavage faces of augite, and large numbers of red particles, probably hematite, 
a product of chemical metamorphism. 

In the N. E. qr. of Sec. 23, a short distance north of the last, is an exposure of amyg- 
daloidal diabase. To the north of this, there isa succession of exposed ridges extending 
to the road leading to Clam Falls. The dip of these varies from 10° to 20° to the west 
of north. The rock is slightly amygdaloidal, and contains small veins of epidote. 

In the N. E. qr. of Sec. 28, there is a very coarse grained, greenish gray, trappean 
rock, having a porphyritic aspect, owing to large crystals of feldspar. South of this, 
near the range line between towns 36 and 337, there are numerous small outcrops, lying 
mostly in Secs. 33 and 34, the locations of which are shown on the accompanying atlas 
nap. They possess little to distinguish them from the common non-amygdaloidal 
diabase rocks of the series, and are too feebly exposed to give reliable measurements of 
dip and strike. A small outcrop, found in the N. W. qr. of Sec. 35, may be classed 
with these, being almost identical in character. 

In the N. W. qr. of Sec. 10 of this township, there is a dark, almost black, highly 
magnetic diabase, which has a white, mottled appearance on weathering, due doubtless 
to the kaolinzation of the feldspar. The outcrop is covered with large, angular blocks, 
due probably to the riving action of frost. This prevents a definite measurement of the 
dip, but the longer slope of the ledge is northward. 

T. 38, R.16 W. Inthe N. W. ar. of the S. E. qr. of Sec. 33, T. 38, R. 16 W., is a 
small exposure of a fine-grained, dark greenish diabase. Such amygdules as are pres- 
ent are confined to the upper surfaces of the beds, or what appear to be such. A north- 
ward slope of the surface of about 15° probably indicates the true dip of the beds. 

In the §. W. qr. of the section, about a quarter of a mile west of the last, is a ledge 
of similar rock, which is, however, very amygdaloidal in some porticns and not at all so 
in others. This outcrop has been much planed by glacial action, but no distinct stn 
were observed. This forms the most northerly exposure of this group. | 

T. 37, R. 17 W. About three and a half miles southwest of this, in Secs. 1], 12, 
13 and 14 of ‘I’. 37, R. 17 W., the ledges of the formation are exposed in frequent suc- 
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cession. In the S. E. qr. of Sec 12, the trap is hard, black and very fine-grained, 
changing to a dark greenish rock, mottled by black crystals of augite. 

Near the 8. W. corner of the section, on the west side of a small creek, the forma- 
tion consists of an amygdaloid, with chlorite as the main filling of the cavities. In the 
S. E. qr. of Sec. 11, the rock is also quite amygdaloidal, carrying epidote, often with a 
central core or interior lining of quartz, containing also sometimes orthoclase. South of 
the center of the section the rock is dark, almost black, very fine-grained, and contains 
very few amygdules. At one point a large amount of epidote was observed. 

Crossing Wood river to the west, we find near the quarter-post of Secs. 10 and 11, a 
cliff about 100 feet high and half a mile in length. The rock is a greenish black 
diabase, associated with diabase amygdaloid. It contains much chlorite, and in the 
amygdules, quartz, epidote and orthoclase. It acts strongly on the needle, indicating a 
large content of magnetite. A three inch vein of epidote rock was traced several yards, 
when it became concealed by soil. 

In the S, E. qr. of Sec. 9 of this town, there is a ledge of dark, greenish, grayish and 
purplish, compact, minutely crystalline, eruptive rock, probably a diabase. It is trav- 
ersed by numerous seams and veins of epidote rock, some of which are quite well 
defined. They are from a quarter of an inch to four inches wide, and contain, besides 
epidote, orthoclase and some calcite. 

Three miles southeast of this, in the N. W. qr. of Sec. 24, on the southwest side of 
a creek, there is a low ledge of dark colored, fine grained, epicotic diabase amygdaloid 
(spec. 3&5), associated with diabase pseudo-amygdaloid. The latter is traversed by veins 
cf epidote, and the amygdaloidal filling consists mainly of quartz, epidote and chlorite, 

About one mile south of west, in the N. E. qr. of Sec. 26, is a low ledge of porphyritic 
pseudo-amygdaloid (spec. 383). Its porphyritic aspect is due to distinct crystals of gray 
and red feldspar. The ground-mass is greenish gray and rather hard. The false amyg- 
dules consist of epidote, chlorite and quartz. 

In the N. E. qr. of the 8. W. qr. of this section, the rock is of the same general type, 
but the specimen collected shows a more uniform grain, and the absence of the colored 
feldspar noted above. | 

In the adjoining 8. E. qr. of Scc. 27, the porphyritic type is again exposed (spec. 382). 
Again, a little farther to the southeast, the granular form predominates ( spec. 681), 

About a mile and a half northwest, near a small lake, on the north line of Sec. 28, 
there is a very fine grained, hard, pray rock, belonging to the same group as the above, 
although differing considerably in texture and color (spec. 387). This, however, gives 
place to a coarser, darker rock of the same general class (spec. 389). 

Less than two miles west of this, in the 8. E. qr. of Sec. 19, there is a ridge about 50 
fect high, which exhibits small and detached outcrops. The rock is a hard, dark, gray- 
ish and greenish black diabase, very rarely amygdaloidal. Ina few places patches of 
epidote were seen, inclosing angular blocks of the country rock. At one point a large 
exposure of very hard, compact, dark red crystalline rock was observed. 

The jointage system was mainly east and west and vertical. 

T. 36, R. 18 W. Southwest from this, in the S. W. qr. of Sec. 2, T. 36, R. 18 W., 
there is exposed a large, flat area of trappean rock. It is hard, compact, dark grayish 
green, and very amygdaloidal, in places, and, in others, not so, there being no evident 
regularity in the distribution of the two varieties. The amygdules are of quartz, epi- 
dote and orthoclase. The bed contains veins of epidote rock, and also east and west 
seams, of 2 inches to 6 inches in width, of a softer, dark, broken, undetermined rock, A 
patch of rose colored quartz, containing epidote and malachite, was observed. In places 
the magnetic needle was reversed, indicating a large content of magnetite. The sur- 
face is much cut up by Joints, which are in east and west, and in north and south sys- 
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tems, and are nearly vertical. There is noted also, as occurring in the same section, a 
sunilar flat exposure of rock, resembling in character that above described, but not 
amyydaloidal except in patches. It is dark greenish in color, and contains magnetite 
in sinall amygdales, and in large grains in the rock, which can be knocked out in sufh- 
cient size to influence the needle. It is smoothed and striated by glacial action in a 
direction due south, 

In Secs. 11 and 12 of this town, there is an cast and west ride, about 250 feet high, 
whose top is quite level, and heavily timbered) with oak and maple, and whose sides 
disclose trappean ledges all around. ‘The rock is a hard, dark diabase, in part amyygda- 
loidal and epidotic (sps. 573, 374, 875, 376). Veins of epidote traverse the formation, 
and, being much harder than the adjoining rock, stand forth in small ridyes, often 
highly polished by glacial action, The dip is from 10° to 157 in a direction N. 50° W. 

About two miles southwest of this, in the N. W. qr. of See. 22, the formation pro- 

trodes from beneath the drift in some very considerable ridges, which expose a dark, 
hard, compact, seldom amygdaloidal rock, containing frequent veins of epidote, quartz, 
and orthoclase. The rock has a very marked effect on the compass, causing the needle 
to dip to the ledge, to spin around when moved along it, or to stand in any direction. 
* Westward from this, less than three miles, near the centre of See. 1x, T. 36, R. 18 
W., there are two small onterops of dark green, fine grained diabase, psendo-amygda- 
loidal in portions (sps. 377 and 378), carrying mainly quartz and calcite in the false 
cavities. 

Town 36, R.17 W. Passing into the adjoining town on the east (T. 36, R. 17 W.), 
we find, near the middle of the line between Secs. 19 and 20, an amygdaloidal diabase, 
containing in cavities, quartz, feldspar, chlorite and epidote, the latter also occurring in 
seams. The chlorite aygdules frequently have a central tilling of quartz. The ground- 
mass is hard. compact, and dark colored; and causes a variation of the needle to the 
amount of 90°. It presents a flat, exposed area of about ten acres, on which are 
glaciated surfaces. 

In the S. W. qr. of Sec. 12 of this town, there are low, flat ledges, in a windfall on 
both sides of the road. The rock is a dark greenish diabase amygdaloid. The amygdules 
consist of quartz, feldspar and epidote. 

In passing southwestward, several outcrops of the formation under discussion are 
encountered, the more important being in Secs. 4, 9 and 31, as shown on the map. 
They are all described as being heavy, fine grained, dark, often nearly black, trappean 
rocks, and are probably diabase. The outcrop at the S. W. corner of the township is 
in part amygdaloidal, containing quartz, feldspar, and chlorite in the cavities, and traces 
of copper in the form of malachite, in small seams. This outcrop exhibits glacial 
smoothing and indistinct striz having a course S. 40° E. At another point, fine hair 
lines were observed running east and west. 


THE ST. CROIX FALUS DISTRICT. 


At and in the vicinity of St. Croix Falls, and southward from there 
to the neichborhood of Osceola Mills, there are numerous and very 
fine exposures of the Copper-bearing series and of the overlying 
Potsdam sandstone. As these are in a settled region, and well known 
to the inhabitants, their several locations need not be described in 
detail, but may be seen by reference to the accompanying atlas plate 
XIX. For the greater part, they lie in the immediate valley of the 
St. Croix river, and owe their exposure to the erosive action of that 
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stream. The valley here is some 400 feet (aneroid) below the higher 
plateaus that approach the streams within a mile or two on either 
hand. The copper-bearing rocks appear in the slopes of the valley, at 
heights ranging up to 200 feet or 300 feet. The lower 100 feet or 
more retain distinct evidences of the abrading action of the stream, 
in the form of worn channels, rounded bosses of rock, smoothed 
surfaces, and, most decisively, eddy-worn pot-holes, some of them of 
gigantic size. These have already been described. 

Just below Taylor’s falls, the river has cut a deep vertical gorge in 
trappean rock, forming the beautiful and picturesque Upper Dalles 
(see plate XXAVI). About two miles below this a similar cafion has 
been formed, constituting the Lower Dalles. The walls within these 
Dalles are almost absolutely vertical, and instead of showing worn 
faces, like the slopes above, present the regular rough surfaces com- 
mon to fissure planes. It seems very probable that the original worn 
surface of the gorge has been riven and thrown down by the action 
of the frost and the undermining of the stream. 

Mr. Strong suggested, with much reason, that the river, or more 
probably a branch of it, may formerly have followed the ravine run- 
ning through the FE. half of Secs. 30 and 31, T. 34, R.18 W. This 
was abandoned when the present channel became deep enough, 
through erosion, to carry away all the water. 

In this vicinity, the relation of the Potsdam sandstone to the cop- 
per-bearing rocks is most satisfactorily shown. The details relating 
to this subject pertain equally to the Potsdam formation, but will be 
here introduced. Some citations from the Minnesota side of the river 
will also be introduced to give completeness to the data, as it is 
important to geological science that the relative age of the two forma. 
tions should be definitely and unequivocally settled, and nowhere else 
is the evidence so complete and conclusive as in the vicinity of the 
Dalles of the St. Croix. 

T. 33,R.19W. Onthe N. W. qr. of Sec. 12, T. 33, R. 19 W., Os- 
ceola, there is an exposure of horizontally stratified sandstone in the 
side of a small ravine, and within a few feet is an exposure of melaphyr 
of the Keweenaw series. The sandstone is quite hard and compact, 
but the stratification is undisturbed, and there is no indication of 
metamorphism. A short distance farther north, the road passes over 
an exposure of melaphyr on which the sandstone is seen deposited in 
direct contact with it. 

In the south part of the village of Taylor’s Falls, near the summit 
of the ridge, is a remarkable exposure of the Potsdam in connection 

with the Keweenaw series. Its occurrence is illustrated in Fig. 9, 
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but somewhat idealized. All that is scen is an outcrop of melaphyr, 
and, on the exposed face, a conglomerate formed of rounded and 
water-worn fragments of melaphyr. These fragments are of all sizes, 
and the cementing material 
is a ferruzinons sandstone of 
Potsdam age, containing oc- 
casional Lingulepis shells. In 
the vicinity of the melaphyr 
the greater part of the con- 
glomerate consists of its frag- 
ments. After inspecting the 
locality, it seems evident that 
the melaphyr was an exposed 
cliff in the Potsdam sea; about 
Snowme tne Rerations or THe KewkEnaw or Corp- 
whose base large aud small  per-Beaniva Merapnyr to tue PotspaM SAND- 
water-worn fragments of the STONE AND CONGLOMERVTE AT TAYLOR'S Fa.us. 
melaphyr were coilected, and, the intersiices being filled with sand, 
solidified into the conglomerate as it now appears. The junction of the 
two formations is not well exposed, as the sandstone graduates into the 
conglomerate, and the latter is banked up against the uneven surface 
of the melaphyr. The unconformability, however, cannot be doubted. 
On the east bank of the river, at the old mill, in St. Croix Falls, can 
be seen the junction of the Potsdam and the Keweenaw series, repre- 
sented in Fig. 10. There is a small gorge in the melaphyr lying nearly 
parallel to the river and a litte above it, in the 
bottom of which a small quantity of sandstone 
containing Lingulepis pinnaformis still 
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Suowrnae tne RELATIONS OF THE PorspamM SANDSTONE TO THE CUPRIFEROUS MELAPHYR AT 8f 
Croix FAL.s. 


remains, being deposited horizontally on the inclined beds of the 
copper series. The thickness of sandstone is but a few inches. 
Abont a quarter of a mile below the last exposure, and on the same 
side of the river, near the water’s edge, 1s an exposure of sandstone and 
shale of the Potsdam, as shown in Fig. 11. 
This exposure ditfers from the majority in this vicinity in that the 


layers are slightly undulat’ng, although the inclination nowhere 
Vou. II.— 27 
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exceeds 10°. The same beds are exposed down the river for nearly a 
quarter of a mile, and are quite horizontal. The junction of the 
sandstone and inelaphyr is not exposed in this instance, as it is cov- 
ered with a bank of clay and sand; the distance between the exposures, 
however, is only a few feet. . 

The sandstone is very fossiliferous, and affords fine specimens of 
Lingulems pinneformis. There are no cracks or breaks in the con- 
tinuity of the strata, and it seems probable that it was originally 

Fig. 11, 


~> 
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SHOWING UNDULATIONS OF THE PoTspAM Sixberovte AND Sate — St. Crorx Farts. 
deposited in its present condition; since, if it were due to subsequent 
movement, other exposures would probably show similar irregulari- 
ties. tf 

Among the shales shown in Fig. ff, there is a bed of ferruginous 
matter about a foot thick, which, on being exposed to the air, forms 
a light colored and slightly bitter efflorescence of sulphate of iron. 

On the opposite side of 
the river, about a quarter of 
a mile above the bridge, the 
shales are well exposed; they 
are soft and earthy, of a 
bluish color, and afford bean- 
tiful specimens of Lingulepis 
pinneformis. 

On the west side of the 
river, about half a mile above 
Taylor’s Falls, where the 
water is low, the junction of Be 

AND SPECIMEN SHowING THE JUNCTION OF THE 
the Potsdam and Keweenaw PoTsDAM SHALE AND THE MELAPIIYR. 
formations may be found, and very good specimens obtained, one of 
which is shown in Fig. 12. 

The fossiliferous blue shales of the Potsdam are horizontally depos- 
ited on a melaphyr, containing small specks of pyrites. The melaphyr 
breaks out in thin pieces, having the shales firmly attached. The 
junction is marked by a dark line about an eighth of an inch thick, 
which seems to cement the two formations. It is seldom that such 
fine specimens of the junction of two formations so widely differing 
can be obtained. 
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Small green seams and stains of malachite occasionally oceur in 
the sandstone at Taylur’s Falls. The copper in this instance has per- 
haps been derived from the adjacent Copper-bearing serics, the mela- 
phyrs having some copper disseminated through them. 

The foregoing facts, corroborated as they are by much other data 
gathered from the vicinity and other parts of the district, and else- 
where, make it certain that the Copper-bearing series was subjected 
to much erosion during and previous to the formation of the Potsdam 
sandstone, by which valleys were cut into it to the depth of at least 
300 feet. This, doubtless, represents but a small proportion of the 
total erosion which the series had suffered in the pre-Potsdam period. 

This locality presents the most clear and unequivocal evidence that 
the Copper-bearing series is much older than the Potsdam sandstone 
of our state, so much older, indeed, that there was time for the very 
extensive wearing down of the former before the latter was deposited. 

The crystalline rocks of the Copper-bearing series of this locality, 
while varying somewhat, possess a general similarity, and are not di- 
versified by conspicuously distinct beds of different kinds of rock, as 
has been found to be usually the case in other extensive exposures of 
the furmation. So true is this, that it is quite difficult to distinguish 
the true bedding planes. There are occasional amygdaloidal portions, 
but in many cases these have no evident layer-like arrangement, as is 
‘common where they mark the face of a true bed, which is the result 
of a distinct overflow of igneous matter. In some cases the amygda- 
Joidal portion #ssumes a bed-like form, but then is seldom well de- 
fined, extensive or persistent. On the whole, however, these amygda- 
loidal layers show a tendency to parallelism, corresponding to what is 
confidently believed to be the true dip of the formation. 

The massive rock varies somewhat in its erystallization, being in 
some portions very fine-grained, almost crypto-crystalline to the naked 
eye, and in others coarser, while in some it is distinctly porphyritie. 
It was not observed that the latter occupied distinct horizons, though 
more extended research might show that this was true. In color, the 
rock varies from grayish green to greenish black on the fresh frac- 
ture, and from gray to black on the weathered surfaces. 

In physical structure it is quite massive. It has sometimes been 
described as presenting a columnar or basaltie structure, but this, we 
think, is a misconception. It is abundantly fissured in vertical planes, 
and, as is almost universally true, the vertical fissures arrange them- 
selves in general systems which cross each other at large angles, 
dividing the rock into vertical columns. These, in the perpendicular 
cliffs of the Dalles, are conspicuously exposed, and give a picturesque 
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columnar aspect to the formation, but it is not the true prismatic 
structure that often characterizes igneous rocks. 

In addition to these vertical planes of division, which are generally 
quite smooth and uniform, but not persistent to great depths, there is 
another prominent set which are much less smooth, but much more 
persistent and constant in direction. The surface of the layers sepa- 
rated by these joints is nearly uniform to the general view, but in 
detail is slightly uneven and undulatory, as though the separation 
took place not through the fracture of a homogeneous rock, but by 
separation along a natural division plane. These planes are usually 
separated by several feet. They are confidently believed to represent 
the dip of the igneous beds. It is not presumed that @dl of the layers 
so formed represent separate overflows of molten material, much less 
distinct periods of eruption; but that in the flowage and outspreading 
of the igneous matter, a somewhat parallel arrangement of the not 
perfectly homogeneous substance took place, giving rise to an 
obscure pseudo-stratification, sufficient to influence the jointing 
that subsequently took place. At the same time, the fact that 
the beds at different horizons present different textures, and, in a 
subordinate degree, different mineralogical composition, would 
seem to favor the belief that the several hundred feet of the furma- 
tion exposed in the vicinity of St. Croix Falls, represent a considera- 
ble number of distinct but closely successive overflows; all, perhaps, 
belonging to one great period of eruption. The latter statement 
seems to be demanded by the lithological similarity of the rock, the 
slight distinction between the beds, and the absence of detrital depos- 
its between them. Notwithstanding their obscurity, however, the 
beds give to the outcrops the distinctive step-like or trappean contour 
that has been previously described and figured. This is best seen in 
the exposures about one mile east of St. Croix Falls (N. E. qr. of Sec. 
29 and N. W. qr. of Sec. 28, T. 34, R. 18 W.), where the inclined 
ledges follow each other with much regularity and persistence, giving 
to the profile of a cross section a serrate outline, notwithstanding the 
fact that the glacial agencies acting from the northwest tended to 
plane down the edges of the beds. 

It is upon the persistence of these inclined ledges, taken in con- 
nection with parallel lithological belts, that our determination of the 
dip, a matter of some theoretical interest at this extremity of the 
formation, is mainly based. The average of a large number of 
guarded observations gives a dip of about 15° W. by 8S. This inclina- 
tion to the south of west is quite an interesting fact, however it may 
be interpreted. To the writer it seems to signify, taken in connec- 
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tion with other observations, that the trough of the Lake Superior 
synelinal, at this western extremity, curves rapidly southward, and is 
connected, over a sort of saddle-back anticlinal, with the broad strati- 
graphical basin that stretches southward into Minnesota; and that the 
igneous beds overlap this figurative saddle-back, so as, on their mar- 
gin, to really lie in the southern or Mississippi basin. This low 
anticlinal is supposed to lie a little north of St. Croix falls, and to be 
the low, flattened extremity of the Laurentian and Turonian heights 
that lie to the eastward — the saddle-bow of our illustration. 

This view is quite strongly supported by the fact that, while the 
dip in the northwestern part of the county, in the vicinity of Clam 
Falls, is decidedly to the northward, the strata on the Snake river in 
Minnesota, below Chengwatona lake, strike N. 10° to 15° E., and dip 
50° to 6U* south of east, which seems to show that the strata on thie 
opposite side of the synclinal trough curve southward to conform to 
the Minnesota Arch:ean axis, which forms alike the western border of 
the Lake Superior and Mississippi stratigraphical basins. 

The lithological characters of the crystalline rocks at this locality 
have been carefully examined and described by Professors Kloos 
and Streng, of Germany, and the results published in an article in 
the “ Neues Jahrbuch fiir Mineralogie, Geologie and Palivontologie,” 
for 1877.1 The special description of the rocks is by the latter gen- 
tleman, and may be rendered substantially as fullows: 


Microscopically this rock generally appears throughout of a porphyritie nature, and 
sometimes, also, amygdaloidal. Here and there porphymitic layers are wanting, as é. 9., 
on the right shore of the St. Croix nver, while on the opposite side decidedly porphynitic 
rock appears. The latter consists of a greenish gray, verging toward brownish, fine- 
grained, crystalline ground-mass, with numerous porphynitic plates of brown plagio- 
clase. Besides there are also frequently light gray quartz aggregations, often provided 
with a dark green edge, so that this may be regarded as an amygdaloid. Further, 
there appears, also, scattered aggregations of a dark green, chlorite-like mineral. In 
the ground-mass, one sees, even with the naked eye, numerous small grains of a light 
yellow-green mineral distributed, which, as the microscopic examination shows, consists 
of epidote. This is particularly frequent in those varieties that are not porphyritic, so that 
owing to it the whole rock assumes a green color; even macroscopically, we may here rec- 
ognize that the plagioclase has been changed into the dark green, chlorite-like mineral, 
e0 that it assumes a green color, even where the cleavage surfaces appear bright. Here, 
also, scattered sparks of pyrite present themselves. 

The microscopic examination discloses the following composition: 

1. Plagioclase, generally brown, colored by brown and gray granules. Besides that, 
it contains grains and flakes of the augiticconstituent, changed into viridite or chlorite, 
which then sometimes so predominates, that it almost fills the whole plagioclase crys- 
tal; only small remnants of feldspar substance remain. But epidote crystals also fre- 


1 By G. Leonard and H. B. Geinitz, professors in Heidelberg and Dresden, Stuttgart, 
1877. 
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quently appear distinctively in the feldspar. The plagioclase also here forms some- 
times a component of the fundamental mass, and sometimes the greater part of the 
porphyritic layers. 

2. The augitic component is here wholly changed into viridite. The larger aggre- 
gations of this mineral, which is here united with epidote and quartz also, appear more 
seldom; but the smaller aggregations, on the other hand, are very frequent, forming a 
part of the fundamental mass, which generally only fills the spaces between the feld- 
spar particles. The mineral appears in polarized hght, in granular, or radial, or con- 
fused texture. 

3. One of the most frequent constituents is the epidote. This is found less frequently 
in large masses, but is common in small, irregular patches, and also sometimes in regu- 
lar defined bounded crystals of a light yellow color. These are little dichroitic, but show 
very lively polarization colors. Generally, they are pretty pure. Sometimes they con- 
tain little particles of quartz. They are frequently cut through with little, nregular, 
brown veins. Rarely, also, the epidote is filled with viridite. In by far the majority of 
cases, it resists inundation by the viridite substances, even where the feldspar is wholly 
filled with it. 

4. Greater and smaller collections of quartz present themselves in polarized light, as 
ageregates, which are covered with a green, granular substance, and therefore are to be 
regarded as amygdaloidal formations. 

5. Also the white granular sub.tance is here visible. 

6. Magnctite, 

7. <And apatite appear here in slender needles. 

From the foregoing it is evident that the melaphyr porphyry of St. Croix and Taylor's 
falls is generally distinctly porphyritic in formation. The porphyritic element consists 
of plagioclase, besides which there is a very little orthoclase present; of an aggregate 
chlorite-like, granular substance, which ts to be regarded as atransformation product of 
the augite; of aggregates of epidote, of quartz amygdules, which, however, do not ap- 
pear everywhere, and of small sparks of prnte. The aggregates of two very much 
weathered ingredients could not be further discriminated; they probably form concre- 
tions of the two chief constituents. 

The ground-mass consists predominatingly of plagioclase (perhaps also some ortho- 
clase), augite, which, however, is very frequently changed into viridite, magnetite, epi- 
dote, often present in great masses, little quartz and a gray white, granular fissure 
product. 

If the rock is developed in the manner of an amygdaloid, the quartz appears as the 
amygdule filling; likewise calcite and epidote. 

From this it appears that the rock belongs to the melaphyrs; and since it is decidedly 
porphyritically developed, we may designate it melaphyr-porphyry. 

Now in most of the varieties, except the freshest, the epidvote plays a very important 
role. Hence it might also be designated as epidote-melaphyr; but since the epidote, 
as well as the viridite, is a secondary product, which, perhaps, has sprung from the 
transformation of the augite, the name could only apply to the changed melaphyr- 
porphyry. (For the original text, see the work cited above). 

The outcrops in the N. W. qr. of Sec. 29, T. 34, R. 18 W., present rounded bosses 
fluted by glacial agency acting from N. 45° W. 

The exposure on Close’s creek in the N. W. qr. of Sec. 14, T. 33, R. 19 W., shows a 
small quantity of carbonate of copper in a group of broken, irregular scams, upon which 
a little prospecting has been done. Malachite also occurs in small quantities at several 
other points. On the Minnesota side, at Taylor's Falls, a shaft was sunk some years since, 
from which native copper was obtained. The amount was not sufficient to render the 
work remuncrative, though the indications are said to have been considered encouruging. 
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Recently a vein has been disclosed by government employees engaged in quarrying 
at the foot of the Dalles. Mr. Caneday deseribes it as follows: ‘The vein is exposed 
but a short distance above the water level, has well defined walls only eighteen inches 
apart at the highest point of exposure, but with a perceptible increase in width as you 
dese nd on the line of dip. It apparently corresponds in dip and str.ke with the forma- 
tion at large, dipping in a west southwesterly direction at an angle of twelve degrees, 
The ore streak at the point of examination was about four inches thick, consisting of 
bornite (better known as gray sulphuret of copp:r), which les next to the hanging 
will, under which is about a foot in thickness of snow white quartz. Upon the foot 
wall, and comprising the balance of the vein matrix, rests from two to six inches of rock 
80 thoroughly decomposed as to bear a close resemblance to common earth. The walls 
have a striated or Sslickenside” app arance, and bear unnustakable evid-nee of con- 
tnuity.”” 

In the preceding pages we have traced the main belt of northward- 
sloping Keweenawan rocks from the vicinity of Nemakagon lake to 
st. Croix falls. It had been previously traced northeasterly to Ke- 
Wweenaw point. 

There are some considerable intervals between exposures, but there 
is not the slightest ground for doubting the continuity of the terrane 
beneath the prevalent drift. The outerops along this belt are almost 
wholly confined to the eruptive rocks that predominate in the lower 
portion of the Keweenaw series. Adjacent to the belt including 
these outerops, there isa tract 15 miles and upwards in width whieh is 
exclusively covered by drift, and no rock of any kind in place appears 
at the surface. This barren belt doubtless conceals the sandstones 
and conglomerates that form the main constituent of the upper por- 
tion of the group. That these should have been more deeply eroded 
than the enduring ersytalline rocks is not strange, especially as 
they occupy the trough of the synclinal; and as the later glacial move- 
ment was across the trend of the ranges, it is all the more natural 
that the softer rocks of the valley should be concealed. Tad the 
drift movement been parallel with the trend of the strata, doubtless 
exposures of the valley rock might have been more common. 

As it is, we find none of the northward-dipping sandstones, shales 
and conglomerates, save at the two localities above described, and 
these, from their position in relation to the crystalline rocks, are 
believed to be interstratified with them. That the northward-dip- 
ping detrital beds are present, however, is not to be doubted, since we 
find a considerable development on the opposite side of the synolinal 


axis. 
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TJE NORTH ST. CROIX DISTRICT. 


To this southward-dipping series we now turn our attention. It 
has been described in its main features by Mr. Sweet in the preceding 
report, and our only labor here is to add the special observations of 
Mr. Strong, on the outcrops in the immediate St. Croix valley: 


Pursuing the same order as heretofore, that of tracing the formation from the Lake 
Superior region, southwestward, we find between Chaquamegon bay and the head- 
waters of the St. Croix, a belt wholly covered by drift. In descending the St. Croix, 
the first exposed rock encountered occurs at Chase’s dam, in Sec. 36, T. 44, R. 13 W. 
It consists of a red sandstone (sp. 395), approaching in its variations a fine conglomer- 
ate on the one hand, and an arenaceous shale on the other, and containing, imbedded 
in it, fragments and thin leaves of shale. An examinition of the granular ingredients 
shows that it was derived mainly from the crystalline igneous beds of the series. Its 
dip appears to be 10° to the S. E. This sandstone forms the bed of the river from the 
dam to the rapids, near the mouth of Moose creek, and also immediately underlies the 
swamp on the north in Secs. 25 and 36. The preceding statement needs to be qual- 
ified, however, for about an eighth of a mile above the mouth of the Moose creek, in 
the midst of a series of short, swift, narrow rapids, there is a small ledge of crystalline 
rock, doubtless representing a comparatively thin intercalated stratum. From the 
description of Mr. Strong, it appears to be a dark colored, fine-grained, epidotic diabase. 

Rocks of detrital origin seem to prevail for two or three miles back from the north 
side of the river. The central part of Sec. 34 (T. 44, R. 13 W.) is underlaid with sand- 
stone and fine conglomerate, similar to that at Chase’s dam. In the N. E. qr. of the 
N. W. qr. of Sec. 26 (T. 44, R. 13 W.), on the east bank of Moase creek and in the bed 
of the stream, there is a small exposure of the typical conglomerate of the series. The 
matrix is a finely comminuted material of a greenish, epidotic cast, in which are 
imbedded pebbles, from the size of shot to that of an egg, which are composed of the 
various crystalline members of the series. Little or no rock can be detected that might 
not have been derived from the lower members of the series, while the most of it very 
evidently had that origin. The pebbles are generally well rounded. Fraginents or 
leaves of red shale, lying parallel to the strata, are also present. 

In the 8S. W. qr. of the N. W. qr. of this section, on both sides of the creek, 
there are disclosures of coarse conglomerate of prevailing dark red color. It pre- 
sents alternating beds of assorted, regularly stratified fine and coarse pebbles. Dip, 
S. E. 14°. The conglomerate again appears in the 8. E. qr.of Sec. 27, in low ledges 
in the west bank of the stream, for about an eighth of a mile uninterruptedly. In 
the S. E. qr. of the N. W. qr. of this section, a small exposure of a conglomerate, 
similar to that on Moose creck, occurs, associated with a fine-grained, hard, light 
reddish and greenish gray sandstone (sp. 409). The highest point at which sedimentary 
rock is scen in ascending Moose creek, 1s in the S. W. qr. of the S. E. qr. of Sec. 14 
(T. 44, R. 13 W.). 

It consists of conglomerate of red color, for the greater part, and of similar compo- 
sition to that above described. This and the preceding outcrop lie near the ledges of 
melaphyr which dip under them; and they may thus be regarded as lying on the mar- 
gin of the great sandstone and congloinerate belt. 

Returning to the St. Croix we find that from Sec. 4 (T. 43, R. 13 W.), to the south- 
ern line of the county (Sec. 33, T. 43, R. 14 W.), the bed of the stream is almost con- 
tinuously composed of sandstone and conglomerate. The greater portion of this is the 
common red sandstone of the series. Tholower mile anda half is conglomerate, and 
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probably corresponds in stratigraphieal equivalence to the conglomerates of Secs. 27 
and 14, T. 44, Ro 15 W. above deseribed, as it hes in the line of atrike, and bears a sim- 
iar relation to the crystalline strata on the northwest. By consulting the map, it will 
be seen that from Chase's dam to the county line, a distance of about 11 miles, the river 
runs an almost direct course, and, with shyht interruptions, is bedded on sandstones and 
conglomerates, A casual glance will show that the stream runs closely;with the strike of 
the strata. A more careful study makes it appear that the river crosses the strata at a 
very small angle, passing from ligher to lower beds, Near the county line, however, 
the river turns southward and pursues, for about three miles, a southerly course. ‘This 
brings it over Ingher (geologically) strata, For a little more than a mile, however, it is 
bedded in drift, but near the north line of See. 9 (T. 42, R. 14 W.), the sandstone of 
the series reappears in the bed of the mver and extends across it, causing rapids and 
forming occasional low exposures in the banks. The ledges show fine ripple marks and 
occasionally rain drop impressions, They are more indurated, and seem to contain more 
quartz and less argillaceous material than those previously described. This sandstone 
apauin becomes concealed at the south line of the section, but reappears in the bed of the 
river in the Indian village in the N. W. qr. of the N. W. qr. of Sec. 21 (T. 42, R. 14 
W.), about a mile below. These are probably the highest beds of the Keweenaw 
group exposed in the district. 

Next immediately underlying this sandstone and conglomerate series, so far as the 
outcrops show, there appears to be a diabase, little exposed, underlaid by a stratum of 
easily recognized melaphyr, forming at the surface outcrops along a belt lying par- 
allel to the sandstones. This is the typical Keweenaw melaphyr described by Prof. 
Pumpelly on page 32, and identical with stratum 10% of the Exgle river section.’ It is 
found in the N. E. qr. of Sec. 14 and the N. E. qr. of Sec. 27, T. 44, R. 13 W., the N. 
W. ar. of See, 29, T. 43, R. 14 W., and at the falls on Chase's brook, in the N. E. qr. 
of the N. W. qr. of Sec. 16, T. 42, R. lo W. 

The first three of these may be joined by a nearly straight line about 12 miles in 
length, whose course will be about N. 48’ E., or nearly the average observed strike. If 
this line be projected, it will pass to the southeast of the melaphyr exposure on Chase's 
brook, and, if extended in the opposite direction, it will pass about an equal distance 
from an outcrop of precisely similar rock found on Moose creek, in the N. E. qr. of the 
N. W. ar. of Sec. 2, T. 44, R. 13 W. It would appear highly probable, then, that the 
first three exposures belong to the same stratum, and that the remaining two represent 
a lower bed. This is confirmed by the existence of a similar melaphyr near the center 
of the west line of the N. W. qr. of Sec. 21, T. 43, R. 14 W., and also one in the 
S. W. qr. of Sec. 10, either of which might readily be referred to the lower bed, though 
it is not so apparent that both could. Entering more into detail, we observe that the 
outcrop of melaphyr (spec. 410) in the N. E. qr. of the N. E. qr. of Sec. 27, T. 44, 
R. 13 W., rises only about 10 feet high and forms the bank of acreek. The rock agrees 
completely with the description of the typical Keweenaw rock previously referred to. 
The formation crops out quite continuously along the stream as far as the forks in the 
N. E. qr. of Sec. 23. Here it is found to be dark, coarse-grained, rather soft, contain- 
ing much chlorite, and crumbling readily on weathering, and no longer possesses the 
distinctive melaphyr characters. On the line between Secs. 22 and 27, we, however, 
find the typical melaphyr again. 

Following the line of strike into the 8. E. qr. of N. E. qr. of Sec. 14 of this township 
(T. 44, R. 13 W.), we find on Moose creck the same melaphyr (spec. 406). Its dip here 
appears to be about 18° to S. 30° E. A few yards below, the ledges are traversed by 
veins of epidote, with some indications of copper. The rock is here very amygdaloidal, 


1Sce Geol. Sur. of Mich., 1869-1873, Vol. I, part II, p. 133. 
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carrying chlorite as its cell-filling. Dip 20°. A few rods below we find a heavy, firm, 
fine grained, dark greenish, diabase-like rock. The surface of this presents very finely 
preserved glacial groves having a direction 8. 13° W. Some are wide and shallow, 
while others are narrow, sharply defined hair lines. In the N. W. qr. of the S. E. qr. 
of this section there are also some small ledges of fine-grained diabasoid rock, and in 
the 8. W. qr. of the S. BE. qr. of the section we encountered the conglomerate before 
described. Following up Moose creek to Sec. 2, we find in the N. W. qr. of the S. E. 
qr. first a very hard, fine grained, nearly black diabase, above which, about 100 yards, 
there appzars a coarser crystalline diabase (spec. 404), and diabase pseudo-amygdaloid 
(spec. 405), containing patches of epidote, quartz and considerable cale.te, though the 
rock is not generally amyydaloidal. Tuere are to be found occasionally specks of 
malachite. ‘The dip mtasurem2nts were 17° and 20° 8. E. The ledges are much 
fissured and broken in all directions. Near the center of the section, low ledges, along 
the west side of the stream, exhibit a coarse-grained rock, somewhat resembling the 
melaphyr found further up the stream, presently to be described. Above this in the N. 
W. qr. of the section, there first appears a diabase of medium grain and greenish gray 
color, and about 10) yards farther up, on the left bank of the stream, a low outcrop of 
soft, very dark, diabase pseudo-amygdaloid (specs. 401 and 402) containing chlorite, 
quartz, orthoclase and prehnite. About an eighth of a mile above this, and only a short 
distance below the town line, the west bank of Moose creck exposes the typical melaphyr 
previously mentioned, characterized by a dark green color, fine grain, peculiar irregular 
fracture and large reflecting surfaces of satin-like luster. 

Passing due southwestward about seven miles into the 5. W. qr. of Sec. 6, we 
encounter a dark, fine-grained diabase, occasionally amy gdaloidal, with calcite. A vein 
about two inches wide was observed, which carried considerable native copper in films 
and small particles, associated with calcite and epidote. In the rock there are also par- 
ticles of epidote carrying copper. These are in the bed of the brook, and overflowed 
in high water. A short distance above, the rock becomes softer and contains larfe 
amygdules of chlorite, with frequently a core of calcite. These ledges extend along 
the streain for about half a mile. At the dam, near the town line, there is a ledge of 
highly altered diabase amygdaloid, containing calcite, chlorite and epidote. There also 
occurs here an interesting epidotic amygdaloid. 

To the west of the center of Sec. 8, T. 43, R. 18 W,, there is a fine exposure of 
conglomerate, having a dip of about 14° in a direction 8. 50° E. It is traversed 
by two regular systems of joints on courses N. 24° E. and N. 56° W., by reason of which 
it is cut into regular cubical blocks. Judging from the drift, the western portion of the 
S. E. qr. of the adjoining See. 5 is underlaid by conglomerate. 

Passing over an interval of about five miles, in which no outcrops are known to 
exist, we find in the 8. E. qr. of Sec. 6, T. 43, R. 14 W., a wide, low, northeasterly 
trending ridge, presenting bared rock at one pomt, which appears to be a diabase 
(sp. 426) of very fine, close grain and dark color, coated with a thin, light colored crust 
due to weathering. In the N. EK. qr. of Sec. 9 of this township, there is a ridge com- 
posed of a rather soft, fine-grained, dark, reddish brown diabase amygdaloid (sp. 425), 
weathering to a dirty lilac hue. It appears to be much altered. This ridge, in com- 
mon with those of the vicinity, presents an abrupt declivity on the northwest and a gen- 
tle slope in the opposite direction, the same phenomena observed so frequently on the 
opposite side of the St. Croix valley, but reversed in direction. It is scarcely necessary 
to repeat that it is due to the inclination of the strata whose projecting edges form the 
ridyes. 

In the S. W. qr. of Sec. 10 (T. 43, R. 14 W.), there is a similar ridge composed of 
melaphyr and already referred to. A short distanc2 south of this, in the adjoining 
section (N. W. qr. Sec. 15), there is a similar ridge, but of diabase, beyond which 
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is still another, the rock of which isa dirk brown and black, hard, fine-grained cerys- 
talline diabase (xp. 425), containing occasional amydales of chlorite. It resists weath- 
ering well, and only shows a thin, lisht, dirty grayish coating of weathered sub-tance, 
The trend of these ridges is northeasterly with the strike of the strata. 

In the S. W. qr. of See, 15 (1. 42, BR. 1 W.), in a large dull, there is a small denuded 
area of rock, of hard, close, minutely erystalline texture, reddish brown) color, and 
rough, uneven fracture, Tt contains scattered aggregations of chlorite. Tt appears 
to be an altered melaphyr (ap. 427), 

In the S. E. qr. of See. 17 (CT. 45, Ro 14 W.), there is along ridge of melaphyr that 
appears to be a continuation of that above noted in See. 10, and is probably to be cor- 
related with that in See. 2, T. 44, R213 W., and that at the falls on Chase's brook, 
See. 16 (T. 42, R215 WW.) There is a like rock found near the centre of the west line of 
the N. W. qr. of See. 21, 

In the 8. W. qr. of See. 22 (T. 43, R. 14 W.), there is an outerop of a fine-grained, 
hard, reddish brown, crystalline rock, probably adiabase. It forms the nucleus of a hill. 

Inthe &. FE. qr. of the N. W. qr. of See. 28, there is a small uncovered area of typi- 
eal melaphyr, which probably belonged to the same stratum as those situated in Sees. 
If and 27, T. 44, R213 W., as already stated. From this point for a distance of about 
0 niles down the St. Croix, no exhibitions of rock in place of any kind are known 
to exist. 

In the vicinity of the mouth of Kettl: river, T. 39, R.19 W., there are several 
denu led led _z°3 of crystalline and 3:dimentary rock, but here, unfortunately, also, the high 
stage of water at the time of examination, caneealed to a large extent the low, flat 
exposure of the river channel, At the head of the rapids, intne N. W. qr. of the N. 
W. qr. of See. 2(¢T. 39, R. 19.W.), there is a ledge of dark colored melaphyr (spec. 
432). The crystals of pyroxene enclosing minute feldspar crystals ara smaller than is 
common to the melaphyrs above described, and the reflecting surfaces on the frac- 
tuted face are less conspicuons. — It is traversed by reddish bands, apparently due to 
oxidation of the ferruginons ingredients. On the Minnesota side, in the N. W. qr. of 
the S. E. qr. of See. 4, there is a low ledve of soft, crumbling, decomp sed, igneous 
rock, in which are layers or veins of quite peculiar nature. Much of the latter substance 
has a flinty texture and composition, with which is associated green earth, considerable 
calcite, and a little malachite and pyrite. 

In 1866 a shaft was sunk on the N. E. qr. of the N. E. qr. of See. 20, T. 59, R. 19 
W. It is situated about 50 feet from the river, and was sunk 26 feet deep, to the level 
of the stream. The upper part penetrated a soft, light-colored crystalline rock, while 
the lower portion passed through a soft, dark brownish red amygdaloid, carrying a 
large amount of calcite and some quartz. The amygdules also consisted frequently of 
native copper, @ considerable amount of which was obtained. The water proved a seri- 
ous obstacle to the continuation of operations, The shaft was sunk upon a fissure vein 
about four feet wide, with well defined walls. Its general course is N. E. and S. W., 
and its inclination about 60°. The north wall showed striated surfaces, or slickensides. 

A few rods northeast of the shaft, a cross cut has exposed the Potsdam sandstone at 
an elevation of about sixty feet above low water. It is the usual light colored, hori- 
zontally bedded, quartzose sandstone, and is without fossils, so far as observed. At 
the head of an island, in the river, in the N. E. qr. of the N. W. qr. of Sec. 29 (T. 39, 
R. 19 W.), there is a ledge of dark reddish brown, very hard, fine grained, crystalline 
rock, probably a diabase. It was mainly concealed beneath the water. 

A short distance below this, in the S. E. bank of the stream, the horizontal Potsdam 
sandstone is again exposed. It here consists of alternate sandy shales of vellow and 
dark red color, some of the latter having an unctuous feel and being known as soap- 
stone. It was entered about twenty years ago for mineral paint. In the N. W. qr. of 
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Sec. 7, T. 38, R. 19 W., there are cliffs of Potsdam sandstone fifty feet high. The rock 
is light colored, generally nearly white, and consists of large grains of quartz very 
loosely cemented, so that the whole is very soft and crumbling. It resembles the 
formation as usually seen in the Mississippi valley. It appears again about a quarter 
of a mile below, in low ledges near the water's edge. It again crops out in the N. W. 
bank in the N,. E. qr. of Sec. 4, T. 37, R. 20 W.; and in the N. W. ar. of the S. W. 
qr. of the same section, there are low ledges on each side of the river in the banks. 
This is known as the “Big Rock.”’ These ledges of Potsdam sandstone probably 
represent a considerable development of that formation concealed by the drift, and lying 
in the synclinal trough of the Keweenaw series and in valleys in it formed by pre- 
Silunan erosion. 
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OCONTO COUNTY, WISCONSIN. 


BY THOMAS BENTON BROOKS, 


Newscron, N. Y., July 15, 1879. 
Pror. T. C. CramBertin, 


Chicf Geologist of Wesconsin: 


Sir: — [ respectfully transmit, herewith, my Geological Report on 
the Menominee iron region of Oconto county. Gradually increasing 
illness, argravated by this work (I have been more than once posi- 
tively ordered to stop, by my physicians), has particularly unfitted me 
for composition, and has prevented my making this report what | 
had planned. 

The results of the labors of Charles E. Wright, who assisted me in 
1874, and afterwards worked independently in adjacent territory, but 
who has covered the whole as to economic questions, are given in his 
independent report to you, which follows. Dr. Arthur Wichmann’s 
paper on Microscopie Lithology of the IIuronian Rocks, constitutes 
chapter V of this Iteport. 


Respectfully and obediently yours, 


T. B. BROOKS. 
Newsuncu, N. Y., July, 1879. 


INTRODUCTION, 


This report covers only the northeastern portion of Oconto county, 
the most northeasterly sub-division of Wisconsin, and so much of the 
adjoining Michigan territory as was necessary to a full understanding 
of the gevlogical strneture. This was selected by the late Dr. Lap- 
ham, first director of the survey, as the area in which to begin work 
in this part of the state, because of its supposed exceptional geological 
interest and its promise of economic importance. The scientific 
results obtained, and recent developments of iron ore, have fully sus- 
tained the wisdom of this choice. My reconnoissance of the north- 
eastern side of the Menominee, the results of which are given in the 
Geological Survey of Michigan, Vol. J, 1873, gave valuable data; but 
that work, on the whole, was incomplete and crude, and will be super- 
scded by this report,’ which is, however, also not complete in several 
directions. 

The following geographical divisions of the Menomince Iron 
Region, based largely on the distribution of the iron ores, has been 
adopted. or rather extended from the Michigan side. See Atlas Plate 
No. XXVIII. The Menominee and Brulé rivers, constituting the 
state boundary, divide the mineral region, so far as its limits are now 
ascertained, quite unequally, by far the larger area being on the 
Michigan side. This I had formerly divided into the Sturgeon 
and Pact Lever districts. The Wisconsin side will be designated as 
the Pine River Disrricr. It would be premature to minutely sub- 
divide it at present. The great Commonwealth range seems to run 
west and northwest through it, bringing Lake Eliza? near the center 
ef the range. To the north is the Eagle-mine range, and abont four 
miles south of the Commonwealth range is the BDreitung iron location, 


1In accordance with special instructions, no Wisconsin money was expended on the 
Michigan side, but, finding it impossible to complete the Wisconsin work without fur- 
ther studies in Michigan, I have made them at my own expense. —T. D. B. 

* Also known as Keyes Lake and Loon Lake. 
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on Sec. 28, T. 39, R. 18 E. Mr. Wright has found strong magnetic 
attractions in the southeastern part of T. 40, R.16 E., to which locality 
Geo. A. Wakefield has built a road. The Srcrceon River District, 
Michigan, was further divided into the north and south iron belts, the 
latter wasagain divided into the north and south ranges, the two lakes 
Antoine and Fumee lying between them. It is in the south range of 
the south belt of the Sturgeon River District that the Quinnesec, Nor- 
way, Vulcan, Breen and adjacent mines have recently been opened, to 
which new ones are now being added. According to the newspapers, 
important discoveries are (July, 1879) being made aimost daily. 

Dr. Lapham’s original view was to spend one season (1874) in the 
field and incorporate the results in a preliminary report. This was 
found impracticable, owing chiefly to the fact that about one-half of 
the first season’s work was expended in re-surveys and correcting the 
topography of the U. S. Land Office maps as a basis for our work- 
The Federal maps of large portions of my territory are not only en- 
tirely inaccurate, but absolutely fraudulent and false.’ The searcity 
of rock exposures in the eastern part of the Pine river district was 
also a great drawback, and consumed much time in outcrop hunting, 
for which we have only negative results. Owing to these drawbacks, 
we were enabled in the two months spent in the field in 1874 to 
thoroughly survey only a part of the river boundary, and make a 
careful reconnoissance as far west as the middlc of Range 17 E., be- 
yond which there are but few outcrops. 

I have spent parts of 1877 and 1878 in the same region and sup- 
plied, so far as the circumstances would allow, the wanting facts;? so 
that my report on the region east of the line above named is tolerably 


1A few of the grossest frauds are indicated on Plates V to VIIJ. That large irregu- 
lar sheet of water, ‘‘Spread Eagle Lake,’’ was not only never surveyed, but apparently 
was seen only in part by the deputy surveyor, who swore to his having traversed and 
mapped it according to his contract, and for which work he was paid, after it had been 
inspected (!) by the surveyor-general. Unless the country is re-surveyed by Federal 
authority, endless land litigation will ensue. Whether the U. S. government cannot 
be compelled to do this, and what hold it may have on the surveyor-general and his 
deputies, who were guilty of the fraud and neglect, is a question for lawyers. — T. B. B. 

2 At the urgent request of Dr. Lapham, an attempt was made to work the material 
collected in 1874 into a report, and it was only when that work was nearly completed 
that its palpable incompleteness became apparent. The facts gathered with the small 
appropriation for 1877 were wedg2d and patched into the original, which have the 
effect of localizing the incompleteness. The year 1878, found another small sum avail- 
able, but sufficient to practically complete the field-work contemplated. At this period 
however, increasing ill health has rendered the writer unfit to rewrite the whole, and 
make most of the material accumulated. The effect in parts of the work, it is feared, is 
very much like that which results from putting new wine in old bottles. 
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complete as to the location and lithological character of the exposures 


of rock. 
It being the desire of the state authorities to cover as much ground 


as possible,’ Mr. Charles Ek. Wright, who had assisted me in 1874, 
took up the work in 1876, where I had left it, and carried a reconnois- 
sance a considerable distance west, the results of which are given in 
this volume, part VITT. Mr. Wright has also examined microseopic- 
ally and minutely described the specimens collected in 1574, dupli- 
eates of which are in Madison. Ie is to prepare the economic chap- 
ter on the whole Menominee region, all of which will be found in his 
report following this. 

Dr. Arthur Wichmann, of Leipsic, has studied microscopically, rot 
only most of the Wiscorsin rocks collected by me, but, for compari- 
son, the most interesting of my entire ILuronian collection,? in which 
investizations he had the benefit of the suzvestions and advice of 
Professor Zirkel, whose assistant he was. Ilis results are given in > 
Chapter V, and, as to clay slates, more fully in Quar. Jour. Geo. Soc., 
London, Teb., 1879. 

Fred. J. Knight has rendered most valuable assistance in nearly 
every part of the field and office work, from the topographical surveys 
at the beginning, to the correction of the proof. 

Geo. A. Fay, of Menasha, Wis., was of great assistance in the field 
work of 1878. I. If. Brotherton and Robert McKinlay were employed 
in topographical work and in locating outcrops. 

The rocks represented in the Menominee Region are grouped as 
follows, from youngest to oldest. For their general geographical dis- 
tribution, structural relations and folds, see sketch in Atlas Plate 


XXIX. 


Superficial Deposits Sands and gravel, (Champlain?) 
(Drift). Boulder clay (till) glacial. 
ho. i Calciferous sand rock and limestone. 
Lower Silurian. St. Mary’s sandstone (Potsdam). 


"eweena . 
Aeween uw Wanting. 
(Copper-series). a 


1] was in Europe at the time, but urged upon the then director, Dr. Wight, that a 
thorough survey of the Menomince region proper would be a better use of the money 
than to cover so much ground in a superficial way. 


? Now deposited in the Amer. Museum of Nat. History, N. Y. 
Vou. III.— 2% 
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‘ 


Granite (eruptive?), gneiss, hornblende, 
Gener actinolite, mica, chlorite and quartz schists, 
PP" * iron ores, clay and carbonaceous slates, 
Huronian quartzite, and conglomerate. 


(Iron-bearing). 
Middle — Clay -slate and quartzite. 


Lower — Dolomite, iron-ore and quartzite. 


La a eahE divided.) Granite, gneiss and crystalline schists. 

It thus appears that within the small area surveyed, rocks of four, 
and possibly of seven, distinct periods are represented; but this report 
is almost entirely confined to the Iron-bearing series, bélieved to be 
the equivalent of the Huronian of Canada, and known here to rest 
non-conformably on granite and gneissic rocks, regarded as of Lauren- 
tian age, and to be non-conformably overlaid by horizontal lower 
Silurian sancstones. The Keweenaw (copper) series, belonging between 
the I[nronian and Silurian, have not been found here. Spread over 
the whole region, and sometimes concealing the solid rocks for large 
areas, are superficial deposits of unstratified glacial boulder-clay, 
as well as of stratified sands and gravels, probably of the Champlain 
period. These superficial deposits have not been atall studied. The 
direction of the minor ridges and intervening swamps and smaller 
streams, as well as striations, show the course of the glacier to have 
been from the N. N. E., but the great valleys and higher ridges have 
a course at right angles, running W. N. W., and due entircly to the 
rock beds. 

The presence of patches of Lower Silurian sandstone, capping the 
highest hills and in sheltered spots, supports Prof. Pumpelly’s view 
that the leading topographical features of this region were formed in 
pre-Silurian times. The erosion of Silurian rocks, whteh must have 
been very great, since they must have covered the whole region attain- 
ing, in places, a thickness of several hundred feet. The two small 
patches discovered in Wisconsin, one four miles east and the other 
one mile northwest of Lake Eliza, have great interest in this connec- 
tion, being the only points where this rock was seen in my Wiscon- 
sin territory. Eastward the Silurian covering rapidly increases, and 
beyond the Sturgeon river, Mich., entirely conceals the older rocks, 
which do not appear again, so far as I know, until we reach Canada. 

Laurentian (granitic- gneiss series). Passing downward over the 
place of the wanting Keweenawan and the immense Huronian series 
to the oldest rocks known south of Lake Superior, we are not able to 


INTRODUCTION. 435 


prove with certainty that they are anywhere exposed in Wisconsin 
within the limits surveyed. But to the eastward in Michigan, with 
the middle waters of the Sturgeon river as the east boundary, we find 
a large triangular Laurentian area, its base sinking away under the 
Silurian strata beyond the Sturgeon, and its rounded apex nearly 
touching the Menomince at the Bad Water Indian village. Away 
from this must ancient core, south, west and north, dip at high angles 
the non-conformably overlying Huronian beds, spreading themselves, 
with numerous short and irregular fulds, beyond the limits of my survey. 

The geological surveys heretofore made south of Lake Superior, 
having had for their main object the examination of the mineral 
regions from an economic standpoint, have given little attention to 
this system of rocks, which, south of Lake Superior, has not as yet 
been found to bear valuable ores, although in New York and Canada, 
the most extensive iron deposits are contained in it. The following 
necessarily fragmentary notes! will, however, it is hoped, convey such a 
general idea of these rocks as is necessary to the purpose of this 
report, the main point being to enable the explorer to distinguish the 
rocks of one system from those of the other, which is absolutely 
necessary in planning and conducting economic explorations and sur- 
veys. The necessity of attention to this point has become the more 
apparent, since the Oconto cvunty explorations have demonstrated 
that eneisses and granites, heretofore believed to characterize the Lan- 
rentian system, are also found abundantly in the ILuronian. About one- 
third of the whole area of Wisconsin is Azoic. To separate this area 
into the three or more great systems of rock which underlie it is one of 
the most important questions connected with the geology of the state, 
both from a scientific and economic standpoint. For further informa- 
tion regarding Laurentian rocks, see table I, chapter I, and appendix B. 

The dijficultces to be overcome in working out in the field the 
sequence, folds, distribution and age of the ILuronian rocks of the Me- 
nominee region were, in part at least, common to all crystalline and 
highly contorted rocks, especially the older, and lie chiefly: (1.) In 
the entire absence of fossils.” (2.) In the often rapidly-changing 
mineral composition of the beds, as traced along their strike. (8.) In 
the fact that many fine-grained rocks could not be determined in the 
field. (4.) The beds are so plicated as to rarely present any other 
than vertical or nearly vertical dips, and the latter are often overturned 
so as to be only false lights. (5.) The frequent changes in the strike 


1The Laurentian. See Appendix B, p. 651. 
?Mr. Julien thinks he found organic forms in certain carbonaceous shales. See Mich. 
Geol. Report, 1x73, Vol. II. 
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by which groups of beds wind and fuld like a sluggish stream in a 
meadow. (6.) The superficial glacial drift-covering often concealed the 
rocks entirely for many square miles; and (7) lastly, the country is, 
or was when the greater part of the survey was made, a primeval 
forest, with numerous windfalls and swamps, only intersected with 
Indian trails and occasional canoe routes. Large areas were covered 
by swamps, in some of which were almost impenctrable cedar groves. 

In Michigan, the Federal maps, based on land surveys, the lines of 
which cross the country at right angles every mile, were accurate; but 
in parts of Wisconsin they were almost worthless, as has already been 
noticed. These unfavorable conditions made it imperative that a large 
part of the time, energy and money be expended in packing supplies 
and utensils on the backs of men; making and correcting topograph- 
ical maps on which to delineate the geology, and in searching the 
bush for exposures of rock, which were sometimes not seen for days. 
I venture the opinion that it would require more time and money to 
work out in detail the relative age of all the rocks occurring in Oconto 
Co., than to do the same work for the entire Paleozoic area of thie state. 

Fossils have been compared to the paging of the leaves of a book, 
rendering it comparatively easy to place them in their proper order 
wherever found, and however much injured. But the leaves of our 
book are not paged, besides being crumpled, soiled and torn. He 
must work long and well who would bring them into order. 

My original plan, approved by Dr. Lapham (afterwards abandoned 
for various reasons), contemplated a full practical treatment of the sub. 
ject of mineral prospecting and erploration, thus expanding and 
completing what was begun in chapters VII and VIII, Mich. Geol. 
Report, 1873, Vol. I. Much could be added under Prospecting, but 
the chapter on the Afagnetism of Locks, and use of magnetic instru- 
ments in searching for ore,’ is quite complete save as to the use of the 
dial compass. Beginning with a rude home-made portable dial, in 
1866, I gradually brought the instrument to the complete form made 
by F. Kreedel, N. Y.,? and extensively used in this survey. This 
instrument was exhibited and explained at the Hoboken meeting of 
the Am. Inst. of Mining Engrs., 1874. I regard it as indispensable 
in topographical and geological reconnoissance or mineral prospect- 
ing, where magnetite is present. 


' Extensive but not exhaustive research has led me to believe this was the first practi- 
cal paper on this subject. 

* Messrs. Gurley, Troy, N. Y., are now making a useful, cheap, hand form, like one of 
my earlier ones. They are also devising a tripod instrument, which bids fair to super- 
sede the Burt solar compass for reconnoissance and some kinds of ordinary surveys. 
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THE MENOMINEE IRON REGION, 


CHAPTER I. 
THE HURONIAN SERIES IN GENERAL. 


For the convenience of those who care only for conclusions, com- 
parisons and general facts, the main results of my examination of the 
iron-bearing rocks of the Menominee region will be summarized in 
this chapter, and comparisons instituted with rocks regarded as their 
equivalents in other not distant regions, 

1. The kends of rock, their relative abundance and mineral compo- 
sition, may properly be first noticed. 

An inspection of the accompanying Table I, which presents a 
compact summary of the lithological characters of the several systems 
and series of rocks south of Lake Superior, shows the richness of the 
Iuronian strata in Acnds, embracing as it does about all the rocks oc- 
curring in the other series (save the melaphyrs of the Keweenawan), 
and more than a dozen distinct lithological families not found in 
either the older Laurentian, nor yet in the younger MKeweenawan. 
This peculiarity seems to characterize the ILuronian in Michigan, and 
in the adjacent Wisconsin territory, since the number of varietics 
diminishes to the southwest in Central Wisconsin, according to Prof. 
Irving, as well as to the west in the Penokee region. The poverty in 
kinds of rock of the Canadian ILuronian is still more marked. 

No one kind of rock is found in the four periods; only certain 
greenstones are common to the three older, while in the case of the 
older two, it may almost be said that every kind of rock found in the 
Laurentian ocenrs in the overlying ITuronian. The lithological break 
at the line dividing the Iluronian from the Keweenawan is further 
emphasized by the totally new accidental minerals enuinerated by 
Prof. Pumpelly as occurring in the abundant “amygdaloidal traps ”’ 
of the Copper series; i. e., the zeolite family and related minerals, the 
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occurrence of which usually marks eruptive rocks, and which are not 
found in either of the older series, nor is the amyedaloidal structure. 
Those desiring fuller information regarding the microscopic character 
of the Huronian rocks are referred to Dr. Wichmann’s report, chapter 
V, and for associations, transitions and graduations of the same, to 
chapters III and IV. 

2. The strategraphical order, or relative age and names of the vari- 
ous rock-beds constituting the series, has received more personal atten- 
tion than any other question connected with these rocks. I first 
worked it out for the Middle Huronian, purely as an economic ques- 
tion connected with prospecting for iron ore in the Marquette region 
in 1865-7, Alexis A. Julien assisting me one season. The gist of my 
results was given by Dr. Credner, without credit, however, in his 
paper, already referred to, published in Berlin in 1869,! and copied in 
his Elements of Geology, 1872, p. 282. Subsequent studies, aided 
by extensive industrial developments, have placed the general correct- 
ness of this subdivision of the Marquette series beyond all question.? 

The numbering and designation of the several beds which go to 
make up the Huronian series, caine in this way: 

In my economic work in the Marquette region, having in view the 
wants of explorers, prospectors and land-owners, it became necessary to 
designate certain strata, which I did by numbers from oldest to young- 
est, always writing them in Roman numerals. Thus, the great quartzite 
was called V, the great iron ore horizon XIII, and the staurolitic mica- 
schist of Lake Michigamme, the youngest rock then made ont, XIX. 

In my reconnoissance of the Menominee region, a different series 
was employed, no attempt having then been made to equate them 
with the Marquette beds.‘ 

Resuming work in the Menominee region in 1874, under the 
auspices of the Wisconsin survey, I soon became strongly impressed 
with the fact that there was a marked lithological similarity between 
certain beds here and corresponding ones in the Marquette series as 
developed 60 miles to the north. I have, therefore, attempted to 
equate the two series, nsing the Marquette numerical designations 
throughout. An inspection of the Table of Sequence and Equiva- 
lency at the end of this chapter, will indicate how far the attempt 
has been successful. 

3. The geographical distributions of the three groups of beds 


1 Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXI. 
*See Mich. Geol. Rep., 1873, Vol. I. 

* Results in Mich. Report, 1873, Vol. I. 

‘Dr. Credner had unsuccessfully attempted it in 1869. See his paper. 
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constituting the larger divisions of the Iuronian series, can be best 
understood by consulting Atlas Plate No. XXTX. This map was con- 
structed in order tu separate what is hypothetical from what is known, 
and to simplify the broad structural problem by disregarding unessen- 
tial facts. On it are represented only the main divisions of the 
ILuronian in their hypothetical extension and folds so far as the facts 
would warrant conjecture. This plan leaves for the general map, 
Atlas Plate XX VILI, the representation only of known facts, and pre- 
sents a White surface fur the convenient addition of new facts which 
may be brought out in the future, ; 


DESCRIPTION OF THE HURONIAN SERIES, 


A. The Lower Huronian (Beds I to VII). See Atlas Plates 
Nos, XXVII[ and XXIX, and Plate I, of this report. 

Beds I to VII, inclusive, have their chief and, so far as positively 
known, only developments in Michigan, bordering the great Lauren- 
tian anticlinal on its S., S. W., W. and N. sides in all its various 
sinnosities, and are only in part made out. 

The most conspicuous bed of this division, as well as of the entire 
IIuronian series, is the Lower Quartzite, No. II, which, owing to its 
great thickness and resistance to weathering influence, is usually 
exposed in outcrops, sometimes, as where it crosses the lower Stur- 
geon river, becoming a bold topographical feature. 

Omitting beds I, III and LV, about which little is known, we 
come to the great marble (dulomitic limestone) bed, V, which in the 
south belt of the Sturgeon river district, is almost as prominent 
as the quartzite. In one place on Sec. 35, T. 40, Rt. 30, there is 
exposed a thickness of over 1000 feet of this rock, and its course 
may be traced by a series of outcrops about N. 70° W. from near the 
Breen mine, for over 15 miles to a point S. W. of Lake Antoine, on 
the south side of which lake it is abundant. In the north belt it is 
seen at several points, but is less prominent and apparently, like 
the quartzite, much thinner. 

Overlying the marble is the great iron-ore horizon (V1), in which, 
up to this time, the chief economic interest has centered. It may be. 
said in general to be cdextensive with the marble last described, which 
it overlies, but is not so often seen in outcrops. The maps show this 
ore stratum as first emerging from under the Silurian rocks, which 
cover the entire area of the upper peninsula of Michigan east of this 
point, near the center of T. 39 N., R. 28 W., where the Breen and Em- 
met mines have been opened in it, and a good quality of brown and 
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red iron ores found. From this point it is traceable by magnetic 
attractions, boulders, outcrops, explorations and now exploited mines, 
so numerous and well marked as to leave little doubt of its abso- 
lute continuity, nearly twenty miles in a general W. N. W. direc- 
tion, to and across the Menominee river into Sec. 22, T. 39, R. 19 E., 
Wisconsin. One or two minor folds are known to exist within this 
distance; others will probably be found. 

Like nearly all the rocks in this part of the valley of the Menomi- 
nee and Pine rivers, the iron-ore bed is here eroded to a great depth, 
and so covered with sand and earth that it is not seen; but its posi- 
tion is put beyond all question by the deviations in the magnetic needle 
to be observed about one mile north of the mouth of Pine river, which 
continue with diminishing intensity for a mile into Wisconsin. The 
bed at this last point seems to lose the greater part of its magnetite — 
nowhere abundant — which renders it impossible to follow it farther 
with the compass needle. This phenomenon often occurs in other 
parts of the Menominee region, and in a still more marked degree in 
the Marquette region; for it must be borne in mind that the two most 
abundant ores, the specular and soft hematites, are not in themselves 
magnetic. They usually, but not always, contain a slight mixture of 
inagnetite. Jor example, there is no magnetic attraction whatever at 
the Jackson, New York, Cleveland, Lake Superior and Barnum mines, 
of the Marquette region, which produce in the aggregate one-half of 
all the first-class ore mined in Michigan. It is possible that the place 
of the ore beds could be determined farther west by more delicate and 
expensive magnetic observations than we were enabled to make; but 
digging must be resorted to in all probability. 

The magnetic attractions and shows of iron, so abundant in the 
vicinity of Lake Eliza and on the Pine river, as is elsewhere explained, 
belong to younger beds. 

The ore range which passes just north of Lake Antoine and under 
Lake Fumee (see map), and which also loses its magnetism going west 
before it reaches the Wisconsin line, is believed to belong to the same 
horizon of ore last described, being the north wing of an anticlinal 
which sinks toward the west, and spreading out in a more or less un- 
dulating bed, undoubtedly underlies the entire region surveyed in Wis- 
consin, at a depth possibly accessible near the river, but, over a con- 
siderable area, beyond the reach of mining, according to present ideas 
and methods. 

This ore horizon again appears in the North Belt of the Sturgeon 
river district, as shown on the map, but no reliable indications have 
been found of a connection between the two, which, on the hypothesis 


THE HURONIAN SERIES IN GENERAL, 441 


assumed, must exist, probably for the most part, on the Michigan side 
of the river. The facts point toward the existence of considerable 
faults in this vicinity. 

Exposures of quartzite and limestone beyond the limits of my sur- 
vey in the 8S. W. part of T. 41 N., 1.16 1. Wis., suggest the possi- 
bility of the presence of the Lower Huronian on that portion of the 
Brule, 

B. Middle Huronian, To attempt a general description of the 
Middle HWuronian (beds VITT to AXTTT) quartzites, clay slates and 
obscure soft schists, would be to repeat the little that is known about 
them contained in the detailed deseription of the ITuronian beds given 
in the following chapter. We therefore proceed at once to consider 
the better known and far more important Upper Iuronian Beds XTV 
to AX. 

C. Upper Huronian (Bens XLV to XX). The uppermost mem- 
bers of this division, and therefore the youngest rocks of the Muronian 
series (the mica schists, eneisses and granites), were not recognized by 
Dr. Credner,! and are only partially made out and described in my 
Michigan Neports, althouzh extensively developed in Michigan as 
well as on the Wisconsia side of the river. Their barrenness in 
iron ores was one reason for this neglect. These beds possess much 
interest froin the aid derived from the mica schist in establishing the 
equivalency of the Menominee with the Marquette series, elsewhere 
considered, and because granite is a heretofore unrecognized rock in 
the ILuronian. 

Taking up this division at its most easterly large exposure, and not 
far from where it emerges from under the Silurian (see Atlas Map, 
No. XAVITI), we have, at the Sturgeon Falls of the Menomince 
river, a fine section of the lower portion of this division, in which the 
great gabbro bed, XVI, is conspicuous, forming the barrier rock of 
the fall. North and south are softer and more schistose rocks, all of 
which are described in the following chapter. (See Plate I.) 

The facts regarding the distribution of the youngest beds southwest 
of Sturgeon [alls are shown on Atlas Plate XXVIII, and my hypoth- 
esis of folding on Atlas Plate XXIX. From Sturgeon Falls, the 
general course of the series is parallel with the great iron ore and 
limestone beds of the lower divisions, that is, about W. N. W., which 
determines the course of the Menominee river here, as well as that of 
the Lower Pine, farther to the west, which is but a continuation of 
the same great valley. 


1See first published description of these rocks in Zeitschrift der Deutschen Geologi- 
schen Gesellschaft, Bund XXI, p. 516. 
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Four miles, for which distance only a few exposures can be seen on 
the river, brings us to the Devil’s Gut and Sand Portage series, where 
there is a large development of the softer schistose beds overlying the 
great gabbro, here only seen north of the river. 

Between Sand Portage and Little Quinnesec falls, there is an almost 
continuous high mural exposure of the great gabbro (XVJ) on the 
north side of the river, which here attains a thickness of over 750 
feet. 

At the Little Fall, the river again breaks through the barrier at a 
point where considerable disturbance in the strata, probably due to a 
fault, seems to have taken place. The facts bearing on this are noted 
on Plate No. II, Chapter II, which see, with description. 

Above this fall we have several miles of still water and littoral 
deposits, indicating a lake bottom at no very remote pcriod, to the 
basin of the Great Quinnesec fall, in which are rocky islands. Here 
begin a succession of falls and rapids which extend for two miles, in 
which most of the beds of the upper division, that is, from XV to 
XVIII, are crossed and uncovered in the river banks. -This great 
exposure, and the proximity of the overlying granite to the south, 
render this locality one of the best in the whole rezion in which to 
study this division of the Huronian. Plate III, with description, 
chapter II, covers the most interesting facts. 

From this locality but little is known of these beds for eight miles, 
when they reappgar in strength at the various falls in the Pine river, 
where they become more quartzose and more highly ferruginous, 
promising to bear workable beds of ore. 

By the general map, it will be observed, that immediately west of 
the Great Quinnesec falls the rocks bend to the west and even south 
of west, while at the same time the iron range (VI) bends more to 
the north, thus forming a topographical and probably geological basin, 
about which little is known, owing to deep erosion, which has made 
room for the sand terraces which conceal the rocks. 

It is believed that the clay slates and associated rocks forming the 
middle division of the Huronian, are spread out here, through one or 
more undulations, the presence of which is rendered probable by the 
Lake Hanbury fold. (See Section DD., Atlas Plate XXVIII.) The 
rock exposures near the mouth of the Pine are believed to belong to 
the middle division. 

One of the most interesting and yet puzzling facts in this basin, is 
the presence of the seven immense marble boulders in the Menominee 
river, about two miles below the mouth of the Pine, and the one, still 
larger, Just above. 
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Assuming the boulders to belong to No. V (they may be simply 
drift, which, however, seems improbable from there being seven to- 
gether and only one seen at any other point), it may very probably 
be brought near the surface here by folds. On this hypothesis, we 
should tind the iron ore bed VI near. No iron boulders were seen, 
and only slizht magnetic attractions exist, but nothing was made out 
of them. Mr. Desor (Foster & Whitney, L. S., Part II, page 24) is 
reported to have seen marble boulders on the surfaces of the adjacent 
drift hills. 

Taking up again the known members of the upper division, we find 
at the several falls and rapids of the lower Pine, between the Great 
Bend and the month of the Poplar, numerous exposures of its beds, 
the lithological character of which has somewhat changed. The rocks 
here contain more quartz and more iron ore, the character of whieh 
last will be discussed hereafter. The great gabbro has disappeared 
and its place is occupied by various schists. The conglomerate- 
quartzite bed, XTY., forming the key-rock of the Pine river district, 
here makes its appearance. 

The series were not traced to any considerable distance west of the 
north-and-south reach of the Pine, in T. 39 N., Rt. 17 E., but a spe- 
cies of hornblende schist procured by Mr. Halsey from the west line of 
See. 7 of this town, indicates that the series continnes to follow the 
general west-northwest direction, probably again crossing the Pine on 
the line between towns 39 and 40 N., range 16 E.! 

Su far, the superficial distribution and structure of these rocks has 
been very regular and easily understood, fur they have followed a nar- 
row belt one to three miles wide, running with slight variations about 
N. 70° W., and having a length of over 25 miles. The whole series, 
like the iron of the lower division, dipping at a high angle to the 
south, away from the Michigan Laurentian, and apparently underly- 
ing the graniteand granitic-gneiss observed south of the Quinnesece falls. 
Crossing now the great Laurentian wedge which, coming from the east- 
ward, divides the ILuronian series, to the north wing of the anticlinal, we 
find in T. 42 N., ranges 28, 29 and 30 W., Mich., numerous outcrops 
of hornblende and mica schist, with occasional beds of gneiss and 
veins of granite, Just as was observed in the corresponding geo- 
logical position south of the Quinnesee falls. 

Not being in Wisconsin, nor essential to a general comprehension 


1Since the above was written, Mr. Wright took up this series at the western edge of 
my especial area, that is, west of the N.-S. center line of rang2 17, and followed it W. 
and N., obtaining results fully confirming this view, which are shown in part on the 
accompanying maps, and fully in his report, part VIII of this volume. 
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of the subject, no attempt was here made to work out the equivalency 
of the several members of the upper division of the IIuronian, as was 
done in the south belt. Nor, indeed, has the lower division, embracing 
the iron and marble, been as fully worked out in the north belt, owing 
to few outcrops, less magnetite in ore, and the greater prevalence of 
the capping Potsdam sandstone. For a brief description of this 
north belt, Sturgeon river district, see my Michigan Geological Re- 
port, Vol. I, page 173. 

Following the upper division of the Iuronian of the North Belt, 
we find its general bearing (not regarding for the present its numer- 
ous great sinunosities), to be south of west, as if to unite with the 
South Belt, which, it will be remembered, bore north of west. 

One striking difference between these north and south wings 1s 
obvious, and needs to be referred to here; that is, the far greater 
breadth, at least three times, of the south as compared with the 
north. This is probably due in part to a thinning out of the beds in 
this direction, but I am of the opinion that the major part of the 
discrepancy is owing to the greater number of folds and undulations 
(as shown on atlas plates), in the series as developed south of the 
axis, and that Dr. Credner’s! estimated thickness of 20,000 feet is 
much too great, even perhaps with the addition of the younger mem - 
bers, which he did not recognize. | 

All the numercus exposures of rock, dipping and striking as they 
do at all angles and at all points of the compass, near the Junction 
of the Brule, Paint, and Michigamme rivers, and along the Menom- 
inee down to and including the Twin Falls, are believed to belong to 
this upper division of the Ifuronian, as are also the many exposures 
of quartzite, clay slate, greenstone and iron ores, east, north, and west 
of Lake Eliza. 

To have followed out the various colored stripes in this crumpled, 
torn and cut pile would have been impossible with the means at our 
disposal, had it been exposed to view through the hundreds of miles 
which the length of its various members aggregate. With many 
square miles covered from view by drift, and in the absence of mag- 
netite in portions of the area, it is simply impossible to completely 
solve the structural problem. 

The facts collected and the general hypothesis formed are given on 
the atlas maps in the belief that they will aid the future investigator. 
No explanation of the map is necessary except to state that consider- 
able uncertainty as to their age has existed with reference to the mag.- 
netic actinolite schists, greenstones and plumbaginous clay slates so 


1 See Zeitschrift der Deutschen Geol. Gesellschaft, Band XXI. 
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extensively developed west of Lake Eliza. They are now believed to 
be younger than the great quartzite (NTV), which is shown to dip 
under them. 

It will be observed that over a considerable portion of the upper 
Huronian area, [ have net even ventured to draw hypothetical strue- 
tural lines on the map. Ina region where sharp folds with inclined 
axes, sudden changes in the trend of the beds, overturned dips, and 
immense erosion is the rule, one is liable to pass from one bed to an- 
other in going a very short distance in any direction. 

The absence of fossils forees one to depend entirely on the litho- 
logical character of the different horizons for their identification; but 
this character is not at all constant. Different beds are almost ex- 
actly identical, so far as can be observed in the field, as, for example, 
II and XLV, and the same bed changes its character almost entirely 
in a few mites, as in the case of AITV and AY, described in chap- 
ter IT. 

With these drawbacks the task would be simply one of time and 
labor, if there were more outcrops; but large areas, as, fur example, 
the valley of the Menominee, north side, and the valley of the Lower 
Pine, are almost entirely covered with drift, affording no clue to what 
is beneath. Only magnetic rucks can be followed here unless we 
resort to the pick and shovel. 

When facts are so scarce, one is so rejoiced in finding them, that he 
almost forgets that he has perhaps waded swamps or clambered through 
windfalls, at the rate, with intense labor, of not to exceed five miles a 
day, maybe for one or several days, and found only a single outcrop. 
Ife may have passed within a few rods of others and not observed 
them, because of trees and brush and fallen timber. The same labor 
and time would have carried him a hundred miles comfortably on 
horseback in the far west, with a boundless view and uncovered rocks 
constantly before him, enabling him to select the points to visit, thus 
utilizing time and labor to the utmost. 

4, With regard to the ¢hzekness of the different beds, and of the 
total Iluronian series of the Menominee region, my results are not 
very satisfactory, owing largely to the inherent difficulties of the prob- 
lem. It is true that these rocks generally expose their upturned 
edges, which makes it often apparently easy to measure the thickness 
of one or several beds. The difficulty lies in the fact that the number 
of shavp folds where thick beds double back upon themselves, often 
renders it doubtful whether what is exposed on the surface represents 
the true thickness of the bed, or double the thickness when a single 
axis exists, or three times the thickness where both an anticlinal and 
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synclinal are present. This is especially true of quartzites, clay-slates 
and greenstones, whose bedding planes are usually very obscure.’ 

The following table presents all the material which I consider at all 
reliable, bearing on the subject. It will be observed that the mini- 
mum thickness, say 5,000 feet, which was obtained in the northeast 
portion of the Menominee region, is one-fourth the apparent thickness 
found in the south and west portions of the region, within a distance 
of 25 miles. A part, and perhaps the greater part, of this difference 
is very likely due to a difference in the original thickness of the beds. 
A part I conceive may have been produced by a lateral pressure, the 
same perhaps as that which produces cleavage in rocks, which we may 
suppose to have squeezed the thin series within a space considerably 
less than its normal thickness. A third cause of discrepancy has al- 
ready been referred to, 2. ¢., the sharp plications of the beds themselves. 
From year to year more such folds are being found, and it is quite 
improbable that all are yet known.? 

Not including the overlying granite, bed XX, which is very likely 
eruptive, and which has been but little studied, but is apparently very 
thick, I think we may, on present information, speak generally of the 
Huronian series of the Menominee region as from 10,000 to 15.000 
feet thick. While this is undoubtedly about double the thickness of 
the Marquette series, it is quite insignificant when compared with Prof. 
Irving’s estimate of the thickness of the Huronian in Central Wiscon- 
sin, supposing the Black river and Baraboo series described by him 
to be IIuronian. (Sce Geol. of Wis., Vol. IL) Lying geographically 
between these points of minimum and maximum thickness, the facts 
seem to point unmistakably to arapid thickening as we go south from 
the shore of Lake Superior. To the west, approximately parallel with 
the border of the lake, a thickness approximating that found in the 
Marquette series seems to maintain between Lake Gogebic and Mon- 
treal river, and which I do not believe is greatly increased in the Peno- 
kee series. But as I have only made a reconnaissance of that region, 
we must look to the results of Messrs. Wright and Irving’s detailed 
surveys for the facts.® 

Turning eastward, the Canadian geologists (Report of 1863, p. 67) 
make out a thickness of about 18,000 feet. 
much too great estimate of the thickness of the middle and lower Huronian. 

7 More than one unknown fold has since been developed by recent mining operations. 

3 Prof. Irving, in the Amer, Jour. Sci. May, 1879, has published the thickness of the 
Penokee series as 12,800 feet. On his forthcoming official map of the Bad river region, 


I observe that his general sections show no folds. It will be surprising if such do not 
exist — all of which will undoubtedly be made clear in his text, which I have not seen. 
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APPROXIMATE TutcKNEss of Huronian atrata in the Menominee region, from base to 
(but not including) overlying eruptive granite. 
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5. Comparison of the Menominee ILuronian with other regions. 
Eictent of the uronian Busins. Expecting that my report might 
be published or distributed separately, L have made some few general 
comparisons and generalizations which might with propriety be left 
to the Chief Geologist. I will assume, however, that he has field 
enough, and trust he may find my tabular presentation convenient for 
reference. 

The accompanying Tables IL and III present, the first, a general 
and approximate; the second, in considerable detail, a summary of the 
kinds, sequence, and relative abundance of the I[uronien rocks at the 
several points south of Lake Superior. The most obvious facts shown 
by table II are worthy of note. 

The richness of the ILuronian period in kinds of rock has been 
already mentioned, and compared with other adjacent terrains of 
different ace. Dut this great variety is confined to Michigan and 
adjacent Wisconsin territory, 2. ¢., to the Marquette and Menominee 
regions, in which are found about eighteen distinct kinds of rock, in- 
cluding probably all found in the Huronian of the Lake Superior 
basin, except, perhaps, true quartz-porphyries. At 160 miles west of 
Marquette the Penokee series yields nine kinds of rock. At about 
the same distance in the opposite direction, we find on the north side 
of Lake Huron, where the series was first studied, only six kinds 
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mentioned by the Canadian geologists. Nearly the same paucity in 
kinds seems to prevail on the east and northeast shore of Lake Sn- 
perior. To the northwest, however, on the Minnesota shore, accord- 
ing to Owen, are quite possibly more kinds, including porphyry. 
Passing to the southwest in Central Wisconsin, at a distance of about 
240 miles from Marquette, Prof. Irving names but seven kinds 
of rock. The extensive mining operations in the Marquette and 
Menominee regions have probably already exposed all the rocks that 
exist, but the same cannot be said of the other regions mentioned, 
hence the wide difference now apparent may be somewhat diminished 
by future developments. 

Quartzose rocks are found everywhere in the Huronian, and are 
nearly everywhere the most abundant kind. Greenstones are nearly 
as wide-spread, and are conspicuous, as are limestones, by their ab- 
sence from central Wisconsin. ALaynesian schists (which may some- 
times include hydro-mica schists) mostly, if not wholly, chloritic, are 
probably as widely distributed as the greenstones, to which they are 
intimately related, through one variety. d/erchantable iron ores, so 
far as actually developed, are confined to the Marquette and Menomi- 
nee regions, but ferruginous rocks! (quartzose and amphibolic), are 
far more widely distributed. Clay-slates and mica-schists (including 
hydro-mica schist) are naturally found together, but do not seem to 
be as widely distributed as might be expected.? The distribution of 
the lémestone and dvlomites is interesting in the small number of dif- 
ferent but tolerably thick beds, and their wide distribution, They 
decrease rapidly to the west, and disappear to the southwest. 

Amphibole rocks are almost entirely confined to the Marquette and 
Menominee regions, where they are abundant, mostly in the form of 
schists. They seem to follow the rich iron ores, and are themselves, 
especially actinolite, often ferruginous. 

Gneiss and granite are most abundant in the Menominee region. 
The beds are not numerous. These rocks have not been found in the 
Baraboo series, nor in the Huronian of Canada. 

Unless it exists in Minnesota, guartz-porphyry is a very rare Huro- 
nian rock, our table showing it only in Central Wisconsin, with a 
related rock, porphyrite, in the Menominee region. 

Schistose conglomerates of various kinds, but in small beds, have 
been observed by me, but I have not included under slate-conglom- 
crate a class of rocks, as has been done in Canada. 


"Future explorations may very probably find rich ores among these rocks, 
* The soft character of certain slates and shales would cause them to weather down 
and be covered with soil, and thus be concealed from superficial exposure. 
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The qnestion of over how wide an area of the I[uronian sca lie 
conditions of sedimentation and metamorphism prevailed as indi- 
eated by the known Jithvlogical character of the resulting rocks, 1s a 
subject of great interest. The pvints of resemblance between the 
Marquette, Menominee, Sunday Lake, and Penokee series, are 80 nn- 
merous as to point, I think, unmistakably, to their having been formed 
in one basin and under essentially like conditions.! 

They may be summarized: 

(a.) The iron ore rocks which characterize the series, are confined, I 
believe, entirely to the middle and upper portion of the lower divis- 
iong, but are not found in the lowest; while (4.) staurolitic mica- 
schists, gneisses and granites characterize the upper division. 
(c.) Dolomitie marble, graduating into quartzite, is confined, with 
perhaps one local exception, to the lower beds. Other less general, 
but nevertheless interesting facts of the same kind are given in the 
following scheme of equivalency (Table IIT). By reversing the order 
of sequence of the Black river series in central Wisconsin,’ as studied 
by Prof. Irving, to which he sees no serious objection, and which has 
been done in the table of equivalency, these rocks would be brought 
approximately into harmony with those above described, and would 
immensely increase the geographical area of the supposed Iuronian 
basin. This basin must have had a minimum east and west length 
of 175 miles, and a breadth to the east of at least 75 miles, or if we 
embrace central Wisconsin, three times as far north and sonth. Its 
possible area may have been at least 20,000 square miles. 

I have not been able to find in the literature of the survey of 
Canada, any evidence that a like sequence prevails in the Iuronian 
series eastward of Lake Superior; hence cunclude that region was not 
embraced in the same basin. This might be expected, however, since 
the causes which led to the existence of this mighty lake may be 
supposed tu have had their beginning as early as, or before, the Huron- 
ian period. 

Those who are not disposed to admit that lithology affords much 
assistance in identifying rock beds over even small areas, should have 
in mind that the lower Silurian sandstone can now be seen quite uni- 
form in character over a much greater area in the same region. 
Almost the same remark may be made of the underlying Keweena- 
wan rocks. Cannot, approximately, as favorable conditions have 
existed for the formation of a particular kind of rock over a smaller 


'T pointed this out in Am. Jour. Sct., March, 1375. See, also, in same, Irving, May, 
18793. 
£ Vol. Il, p. 493. 
Vou. II.— 29 
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area at the earlier period. Prof. Irving has well remarked that it is 
a waste of time to attempt to establish stratigraphical equivalency, 
bed for bed, in non-fossiliferous rocks of the same age formed in dif- 
ferent basins. 

How far this idea is applicable to those rocks formed by the ordi- 
nary processes of sedimentation in widely separated portions of the 
same continental basin, is an important question which Dr. Hunt, who 
has given the subject much attention, has briefly discussed in Appen- 
dix A. Certainly the more widely separated the areas of deposition, 
the less probable that any given bed should maintain a constant litho- 


logical character. 
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CHAPTER II. 
LOCAL DETAILS. 


This chapter comprises descriptions of the rocks at localities where 
the outcrops are sufficiently numerous to afford a tolerably com- 
plete sequence. 


The Roman numerals, indicating the supposed sequence of the beds 
from oldest to youngest, are here freely, perhaps too freely, used. It 
is very probable that future investigations may develop fulds and 
faults unknown to me, whereby these numerical designations of beds 
will be modified. I find it, however, a convenient way of expressing 
the hypothesis of structure and sequence, towards which my facts 
point. The following descriptions were originally prepared in tabular 
form, giving the approximate width of the outcrops and breadth of 
the intervening covered spaces, the latter amounting on the average 
to say 9-10 of the length of the sections described. Since the natural. 
exposures usually display only a part and sometimes a very small part 
of the stratum, and concealed and sometimes unsuspected folds are 
passed over, this plan has been abandoned except where the expos- 
ures were approximately continuous. A glance at the plans and 
accompanying sections will give the reader the best idea of the nature 
of the data on which the approximate magnitude of the beds given in 
the preceding chapter was based. 

The collection numbers enclosed in angular brackets [] are 
employed in referring to specimens, except in the case of the 162 
numbers constituting the typical suite of Lluronian rocks, which are 
enclosed in curved brackets ( ). 

All the collection numbers occurring in this work are arranged in 
order at the end, with descriptive names and page where the rock is 
described. 

The specimens are all deposited in the American Museum of Natu- 
ral History, New York, and duplicates of Nos. 2051 to 2284, col- 
lected in 1874, in the state survey collection at Madison, Wis. 
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1. Sturgeon River Section, crossing the Breen-Vulcan Iron 
ftange. Sce Plate I, T. 38 N., R. 21E.,, Wis., and T. 39 N., R. 28 
and 29 W., Mich. 

Beginning at the S. W. end, in the S. W. part of Sec. 32, T. 38, R. 
21 E., Wis., with the uppermost Huronian granite and gneiss, the 
series will be followed N. W. from youngest to oldest. Along this 
broken section and in its vicinity, the entire Iron-bearing series are 
more completely developed than on either of the following sections. 

In order to bring together in one place the complete series, occa- 
sional notes will be interpolated along this section, supplying its 
deficiencies and blanks, thus anticipating facts elsewhere recorded. 

The following may, therefore, be regarded as the most complete 
stratigraphical enumeration of the Menominee rocks, and may be 
conveniently examined in connection with the general sections on the 
Atlas Map XXVIII, or with the Table of Sequence and Equivalency, 
in chapter I. 

The following description of the granite applies more particularly 
to the rock south of Big Quinnesec, where it was more closcly 
studied. 

Bed XX. Granite, medium to coarse-grained, with large crystals 
of feldspar, often showing rectangular facets. Mica occurs in small, 
b‘ack scales, and is not abundant. Quartz is “veiny,” or like a paste 
in which the other minerals are bedded. 


Distribution and general character of this bed. In my Mich. Geol. Rep., 
1873, Vol. I, p. 161, there is mentioned as extending east and west through the center of 
T. 42. N., R. 28 to 30 W., a belt of outcrops of hornblende and mica schists and gneiss, 
_ traversed in places by dykes and perhaps by beds of granite. On p. 175, attention is 
called to the lithological resemblance of these to certain Laurentian rocks, as well as to 
the fact that gneiss and granite had not at that time been observed in the Marquette 
Huronian. This belt has since been traced westerly across the Michigamme river, where 
there are large exposures of granite near the center of T. 42, R. 32. On the Michi- 
gimme it is well exposed between Norway and Long Portages. South of the Menominee 
river, on the opposite side of the great anticlinal, is the undoubted equivalent of this 
series, ditfuring, however, in containing a large proportion of granite, especially toward 
the east, and scarcely any typical mica schist. The granite area lying S. W. of that 
portion of the Menominee, embraced between the mouth of the Sturgeon and the mouth 
of the Pine, apparently conforms with the underlying hornblende schist, into which 
it gives off dykes.1. At the few points where gneissic structure can be made out, it 
conforms with the schist. To this rock and its granite and gneissic equivalents in tke 
north belt, where the structure is, however, more complicated, we have provisionally 
assigned the number XX, and regarded it, whatever its origin, as the youngest Huro- 
nian rock in the region. 

In the Amer. Jour. Sci., Mar., 1873, I conjectured that a belt of granite, syenite, and 
hornblende rocks, mapped by Col. Whittlesey, and dividing the iron from the copper- 


1 Granite dykes are rare {n the Menominee Hurcnian, and have never been observed in the Mar- 
quette series. 
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hearing series of the Penokee range, was probably the equivalent of these youngest 
Menominee rocks, Mr. Irving claims to have proven that the granites are eruptive, 
and the rocks in part belong to the Copper series, It is possible that some of our rocks 
embraced in Bed XX, e. g., those in Sees, 21, 22, 28, 29, of T. 42 N., KR. 31 W., Mich., 
may also be Keweenawan, but I see no good reason to think so. It is quite possible that 
the gramte may be eruptive, and the conformability above noted the result of an overflow 
and local, which possibility should prevent us from attaching tov much importance to 
the presence of the granite in determining the sequence of the reries. The porphyrite 
mentioned in Chap. Ill as having been found at Peminee Falls, may probably be 
embraced in this bed. 

No younger Huronian rock than the staurolitic mica schist (Bed X{X) was made out 
in the Huronian of the Marquette region, but it is very probable that the “ granite” S. 
W. of Michigamme lake may be equivalent to our Menominee Bed XX. 


a. Bed XIX. In Sec. 32, T. 38, R. 21 E., two miles S. W. of Stur- 
geon Falls, there are numerous outcrops, not shown on Plate I, of 
dark-creen, fine to coarse-grained, massive hornblendic schist, having 
in places the character of a greenstone [2261]. About two miles far- 
ther S. W., on Secs. 1 and 12, T. 37, RK. 21 E., Wis., are related ob- 
scure hornblendic rocks, apparently greenstones [2475 to 2478]. One 
variety was designated by Mr. Julien a tremolite schist [2450]. 


Distribution and general character of this bed. The youngest bed clearly made 
out in the Marquette region ! is a mica schist (61), often containing staurolite and anJa- 
lusite, and occasionally garnets, which we numbered XIX. Finding an identical rock 
at one intermediate locality, and on the Lower Michigamme and Paint (that is to say, 
in the north part of the Menominee region), occupying about the same stratigraphical 
p»xition, I have given it the same numerical designation. Where this bed is exposed 
at Long and Cedar Portages, on the Michigamme and on the Lower Paint, it is decid- 
edly more gneissic in character than its equivalent in the Marquette region. No exact 
lithological equivalent of this rock has been found south of the Menominee, either on 
the Sturgeon or Quinnesec sections, but in its place, it is believed, is a hornblende schist, 
which becomes more micaceous and gneissic as it is followed west-northwest. To the 
eastward, near the section we are describing, it partakes more of the nature of a green- 
stone. An almost exact equivalent of this southern hornblende-schist range is, how- 
ever, found in a broad east and west belt through the southern portion of T. 42 N., R. 
28 and 29 W., Mich., where it contains beds of gneiss and dykes of granite which usu- 
ally characterize it. 


Covered, so far as known, about 4,000 feet. 

b. In center and north half of Sec. 28, T. 38, R. 21 E., are outcrops 
of arock having the physical character of obscure aphanitic green- 
stone. The specimens have most resemblance to those which have 
been classified as chlorite and hornblende schists and diabase (2260, 
2262]. 

Along the Menominee river between the Badwater Indian village and the mouth of 


the Michigamme, is a chloritic quartzose schist, perhaps in places micaceous, varying 
from a soft, dull-green schist to a massive quartzite. The observed facts as to strike, 


'Mich. Geol. Rep., 1873, Vol. I. 
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dip and lithological character of this work, suggest the hypothesis of folding, shown 
on the atlas map of the Menominee region. An unctuous-feeling quartz schist was 
found on the opposite side of the great anticlinal along the Pine river. 

This bed is designated No. XVIII, but no equivalent for it has been made out on the 
Sturgeon river section. At the head of the Big Quinnesce Falls, a mass of gabbro, 
perhaps eruptive, is in or near this horizon. 


Covered about 500 feet. 

ce. Bed XVII?. In the right bank of the Menominee river, below 
the Sturgeon Falls basin, is an outcrop of a peculiar, unctuous-feeling 
feldspathic, schistose rock, provisionally called red gneissic protogine, 
but which Dr. Wichmann determined to be serictte gneiss (147). 


A related rock occurs at the falls of Sturgeon river (102), in bed I. A similar rock is 
associated with granite in Sec. 13, T. 42, R. 30 W., Mich. [1748 to 1751]. Pumpelly 
and Credner saw the same rock in the N. part of T. 42, R. 28 and 29 W., Mich., and 
the latter regarded it as of Laurentian age, to which system its lithological character 
inclines. J consider it, however, on structural grounds, to be of Huronian age in all 
these localities, as it certainly is on this section. 

A somewhat similar rock occurs in the Laurentian (?) of the Marquette region, Sec. 
16, T. 49 N., R. 33 W., described by Mr. Julien, pp. 103, 154, Vol. II, Mich. Geol. 
Rep. (1398, 1400, 1402, 1456]. 

Along the north side of the upper portion of the Big Quinnesecrapids, and in a broad 
east and west belt through Sec. 24, T. 39 N., R. 17 E., Wis., are conspicuous outcrops 
of a well characterized gray gneiss, which undoubtedly belongs to the same horizon, . 
numbered XVII. Whether outcrop (c) of this section, which differs considerably in 
lithological character, is precisely the same age, is not asserted; but it is near it. 

Along the upper Menominee, neither variety haz been seen in corresponding strati- 
graphical position; but apparently occupying the same place are important beds of 


greenstone. 
_@. Dr. Credner describes the rock exposed on the E. half of See. 35, 
T. 39, R. 29 W., Michigan, as a series of grayish-green, quartzitic, 
talcose slates, extending to a width of quarter of a mile. Segrega- 
tions and flat lenticular masses of white quartz, red laumonite, light- 
red and white orthoclase, with cubes of iron pyrites, are frequently 
intercalated between the slates. He regarded it as a variety of the 
gneissic protogine c. | 
e. Bed XVI. Light-gray, medium grained, massive greenstone. 
Nearly in the strike of d@ but more like f in character. 
Covered about 1,200 feet. | 
jf. A massive, coarse-grained, light greenish-gray d/orite, similar 
to A [2268], forms the foot of the rapids, bounding the Sturgeon Falls 
basin on the up-stream side. A schistose layer was observed in this 
bed on the west side of theriver. I*rom this point the rocks are con- 
tinnons to the head of the fall. 
g. Light greenish-gray chloritic schist, having somewhat of a taley 
character, and splitting into quite regular rhombohedral prisms, the 
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planes of which bear N. 60° W. (general direction of bedding planes) 
and I..W. Phe axes of these prisms dip south about 45°. whieh is 
the probable dip uf the bedding planes. In one place the structure 
Was almost siaty. A less schistose varicty, containing what seems. to 
be reddish decomposed feldspar, has somewhat the character of a 
gneiss, The soft character of this schist has permitted the widening 
of the river at this point, which is, however, abruptly narrowed above 
and below by the more resisting greenstunes. Specimens (2269, 
2270) of this rock have been named, “taleose schist,’? “clay slate,” 
“phyllite? “ehloro-quartzose schist,” and “deeomposed gneiss.” 

A. ‘The barrier rock at Sturgeon Falls is a rare varicty of gvreen- 
stone, being light greenish-gray in color, medium to coarse-grained, 
massive and jointed, and made up essentially of a green amphibole 
mineral and a whitish compact feldspar, giving the fresh fracture a 
porphyritie or mottled appearance [2208]. Mr. Ratley determined 
another speciinen from the same locality to be, probably, gabbro (69), 
and [err Wapler pronounced still anuther to closely resemble the 
typical German gabbros in physical characters. 


Near the N. W. corner of Sec. 21, T. 38, R. 21, the same rock appears in the south 
shore of the river [2098]. On the west side of the river, and near the middle of this bed, 
is a schistose layer which was not examined. Except along this portion of the Menom- 
inee, [ have not observed gabbro (or gabbro-like greenstone) in the Huronian, south of 
Lake Superior. Mr. Irving finds it in the lower portion of the Keweenawan series of 
the Bad river region. Besides the great hthological interest at‘ached to this rock, it is 
the heaviest bed of greenstone observed in the Menominee region, and has, in conse- 
quence, much influence on the topography, forming the barner rock at the Big Quin- 
nesec and probably at the Little Quinnesee falls, as well as the striking perpendicular 
wall on the left bank of the mver above Sand Portage. In the Pine river district, Wis., 
an actinolite schist appears to be the equivalent of this bed, and has been numbered 
XVI. At the Lower Twin falls certain chloritic rocks se2m to belong here, which har- 
monizes with the Sturgeon falls rocks if we regard the gabbro as local. 


2. On the right bank of the river, at the head of the falls and un- 
derlying the greenstone bed A, or else forming its lowest portion, 
are several thin beds of eh/eritic and greenstone (?) schist, which were 
not examined, as they did not appear on the left bank, where the 
studies were chiefly made. They possess interest in connection with 
the puzzling fact that where bed XVI crosses the river at the Little 
Quinnesec, the whole formation partakes more or less of this schistose 
character. 

j. A dark green, fine-grained massive, rock, having decided affini- 
ties with the greenstones, from which it may be altered, in places, 
into a chloritic variety. There are indications that this rock passes, 
by almost insensible gradations, into: 
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k. Gray-gveen, massive, jointed, porphyritic, gabdro-leke green- 
stone, similar to A, and regarded as belonging to the same bed, XVI 
[2266]. It contains semi-schistose layers, which strike N. 70° W., 
and dip 45° southerly. 

2, An unctuous-feeling schist, with chlorite in joints, similar to 7. 
With it occurs a massive greenstone resembling n. The vertical 
schistose planes strike N. 70° W. This outcrop is believed to belong 
to Bed XV. 

m. An unctuous-feeling magneszan schist, resembling p, but more 
fissile and less contorted. Schist panes supposed to be bedding, strike 
northwesterly and dip S. W. 55° This rock contains considerable 
magnetite, which is interesting in connection with the fact that its 
supposed equivalent in the Pine River series (AV) also contains iron. 
See Plate V. About 800 steps S. E. are outcrops, apparently belong- 
ing to beds m and n, although the greenstone is coarser grained. 

m. Underlying m, and in contact with it, is a gray-green, medium- 
grained greenstone, with minute veins of reddish feldspar, and con- 
taining some calcite [2265]. 

o. Like p, but less schistose. The strike and dip of the splitting 
planes are very irregular at both outcrops, but a southwesterly dip 
prevails, making the strike parallel with the trend of the river at this 
point, the bed of which is undoubtedly excavated in these soft schists. 

p. Two hundred and fifty steps below the mouth of the Sturgeon 
river, and on the left bank of the Menominee, occurs the most north. 
erly exposure of the Sturgeon I*alls series, an unctuous-feeling schist, 
varying from light-gray to dark-green, and presenting a contorted or 
warped schistose structure which Dr. Wichmann calls serpentine 
[2263]. Associated with this rock, in a vein-like mass, is a fine- 
grained, green, magnesian schist, which differs from the containing 
rock in not being fuliaceous and apparently morechloritic. Dr. Wich- 
mann pronounced a specimen endeterminable [2264]. I surmise 
this may be a dyke filled by material from the adjacent rock, when in 
a semi-plastic state, therefore perhaps identical in composition, and 
differing only in being more crystalline. 

qg. About one mile southeasterly from py, and near the center of 
Sec. 26, T. 39, R. 29 W., Mich., on top of a hill, is an outcrop of an 
ergillaceous rock, in places quite siliccous, which contains considera- 
ble iron, but does not promise to be workable so far as could be seen 
9272, 3216 to 3220]. At one point the dip needle was deflected 90°. 
This rock has considerable resemblance to the Keyes & Fisher fer- 
ruginous slate on See. 20, T. 40 N., It. 18 E., Wis., as also to that on 

12, T. 40, R. 17 E., and probably belongs to the same bed, XV. 
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The samo bed has been recognized at several points in Wisconsin, and 
everywhere contains iron, Lut, so far as seen, only in small quantities. 
No exploration has been made on this stratum so faras [ know. Since 
the above was wiliten, in the winter of 1874-75, the Commonwealth 
mine has beer. opened in this bed, and its character as bearing valu- 
able ores fully established. 

This completes the ennmeration of the rock outcrop3 seen at, or in 
vicinity of, Sturgeon Falls. Omitting the first described outcrops, 
(a and 0), about which comparatively little is known, and which may 
belong to the sane bed, although @ agrees in lithological character 
with ATX, we have here a thickness of about 5000 feet, embracing 


beds AV to XVII, both inclusive. 


This interesting Sturgeon Falls series was first stulicd in 187, and had time per- 
mitted, would have been reCxamined in order to have instituted more valuable com- 
parisons with the rocks farther west. 

Between the Sturgeon Falls series and the Vulean Mine series, to be described below, 
is & low, sandy pla.n with oveasional hills, and farther west, sand terraces, in which 
there are very few exposures of rock and no magnetic attract:ons. This broad, barren 
belt, trends parallel with the general strike, W. N. W., maintaining the same general 
character to Lake Eliza, Wisconsin. 

It is undoubtedly underlaid by some soft, easily ero led, little known schists, which 
rarely outcrop, and for which I have left the numbers XIV to X. Again it is possible 
that the whole of this concealed belt may be underlaid by beds VII to 1X, due to plica- 
tions such as can be seen south of Lake Hanbury. 

The great quartzite and congiomerate schist bed, XIV, which is the most conspicu- 
ous rock in the Pine River district (fuily described below), entirely disappears long 
before reaching this point. We leave its number, but have no rock to represent it. 

At the Four Foot Falls are certain chloritic schists and clay slates, believed to belong 
to the Middle Huronian, and to be th2 best representatives of these beds, about which 
little is known and which may not exist as distinct formations, the series, as may 
already be inferred, being nowhere complete. A peculiar tremolitic limestone bed occur- 
ring in the north belt of the Sturgeon district, is believed to be the equivalent of one of 
the unknown series. I would again remark that our stratigraphical numbers eployed 
broadly are provisional, and may express my present hypothesis of equivalency. While 
a few leading beds can be readily traced by their m:iucral composition, many of the 
intermediate ones cannot be, as I have practically ascertained at great cost and sorrow. 


On the Sturgeon river are three outcrops, respectively, on Sees. 23, 
o4, and 13, T. 29, R.29 W., Mich. - 

r. Clay slate, with very perfect cleavage, the vertical planes of 
which strike N. 75° W. Dedding obscure, but is believed to be in- 
dicated by certain joint-like planes which form a high angle with the 
cleavage planes. 

s. Greyish-green, medium-grained greenstone, holding veins of 
quartz. The surface shows glacial groovings, bearing N. 80° W., 
which is parallel with the leading stratigraphical and topograpieal 
features of the district. 
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t. Similar to 7, the cleavage planes of the two outcrops being ap- 
proximately parallel. The same obscure appearance of bedding planes 
before mentioned can be here observed. They appear to strike N. 
W. and dip N. E.. which is quite probable taken in connection with 
the Lake Haubury synelinal now to be deseribed, and of which this 
outcrop may be supposed to represent the south upturned edge 
[2282]. 

Tue observations of the rocks at Lake Hanbury began about 500 
steps south of the lake, and on the north edge of the great sand plain 
already mentioned, which is here terminated by an abrupt ledge of 
slate and quartzose rocks. The geological section B—B, Plate I, 
nearly follows the line between Secs. 15 and 16, T. 39, R. 29 W., 
Michigan. 

t. Biuish-black, possibly chloritice clay slate, which is regarded as 
the eqnivalent of ¢ already described. Cleavage planes, more or less 
perfect; dip 80° S. S. W.; bedding planes are tolerably distinct, and 
in places contorted, and marked by striping at various points along 
the ridge for a distance of say 500 feet, the dip being from 40° to 80° 
to the N. N. W. See remarks on cleavage in Chapter III, under 
Clay Slate. 


Fia. 1. 


Verticat Section Looxrne WEstT. 


Clay-slate, with cleavage planes dipping at high angle to south, and bedding planes to nortb 
averlaid conformably by quartzite, holding numerous minute quartz velus perpendicular to strati- 
fication, 
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uw. Gray and, on splitting planes, brownish-gray, arenaceous quart:- 
ve. It contains numerous small (one-eighth to two inches thick) 
veins and bunches of white quartz, which have a direction perpen- 
dicular to the bedding planes [2259]. Dr. Wichmann calls this rock 
asandstone. The quartzite, conforming with the underlying clay- 
slate (¢), dips N. N. W. at an angle of 4° to 50°. 

The junction of clay-slate and quartzite can be observed near the 
line between Secs. 15 and 16, and about 500 steps south of the lake. 
The veins of white quartz in the quartzite were here very fine, and 
acutely reticulated, but the direction, perpendicular to the bedding, 
is preserved. This fact, which I have not noted elsewhere, has interest 
in connection with the orivin of these minute quartz veins. About 
one-half mile easterly, I observed a junction of the clay-slate and 
quartzite, with northerly dip. Pumpelly and Credner mark “clay- 
slate and quartzite, strike N. 72° W.,” on the N. I. qr. of Sec. 17, or 
1} miles westerly from this point, and undoubtedly the same bed. 

v. The crest of the north lobe of the ridge is formed of a bluish- 
gray, arenaceous quartzite, holding considerable calcite; also contain- 
ing the numerous minute irregular projecting veins of white quartz. 
The surface of the ILuronian marbles is often finely ridged by pro- 
jecting quartz seams, presenting an appearance not unlike the above, 
except as to reticulations; an important difference being, however, 
that in the marble the quartz seams are always parallel with the bed- 
ding planes. | 

w. Light gray, glassy variety, like z. 

zg. On north face of asmall riseof ground is a bluish-gray qguartz- 
ate, the brown, friable weather coating being in this instance one inch 
deep [2257]. See Wichmann’s chapter, § 176. 

y. About 35 steps south of the crest of the ridge is a quartzite sim- 
ilar to aa, but less affected by the weather. It may be the south outcrop 
of the synclinal of which a@q@ is the northouterop. Itcontains numer- 
ous scales of a chloritic-looking mineral. The banded and reticulated 
surface due to quartz veins, already described, is here present [2256]. 

z. In the crest of the ridge, from which an extended prospect, 
especially to the south, may be had, a clay-slate like dd was found. 
The vertical cleavage planes are very strong and strike N. 85° W. by dial. 

aa. Next north comes an apparently thin bed (say ten steps) of 
gray arenaceous quartzite, with a thick weathering coat, in places one- 
half inch, much resembling that already mentioned as covering the 
clay-slate dd. Scales of what appears to be chlorite can be seen, in 
the decomposed outer portions. Adjoining the above was a variety 
holding bunches and seams of white glassy quartz. 
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bb. One half way up the ridge on the north face, is a small expos- 
ure of clay-slate, identical with dd. Cleavage as before, bedding 
contorted, averaging nearly horizontal. 

ce. Atabout 265 steps south of the lake, being at foot of the north 
slope of the main E. W. ridge, is an outcrop of adark greenish-gray, 
faintly banded, soft schist, apparently chloritic, the nearly vertical 
schistose planes of which strike E. W., 7. ¢. parallel with the clay 
slate [2254]. 

In another variety whitish grains took the place of the whitish soft 
bands, and was more slaty in structure, and although having many of 
the physical characters of chloritic schist, was determined by Dr. 
Wichmann to be a mica schist [2254]. 

About 700 steps westerly is an outcrop of a similar schist, but hold- 
ing the white grains in still greater abundance [2255]. 

About 200 steps northeasterly is a high bluff overlooking the lake. 
composed of clay slate similar to the above, and believed to be the 
same bed; for although the bedding is likewise much plicated, yet the 
prevailing direction was 8S. W., which would carry it to outcrop ce. 
The dip of this slate, although very irregular, was in the main plainly 
to the west, 7. ¢., towards and possibly under the greenstone ee. 

dd. Two hundred and twenty steps south of the lake is a small 
knoll of dark colored clay-slate, with imperfect cleavage, the vertical 
planes of which strike E. to W. The bedding planes, as indicated by 
faint striping and banding, are much plicated and folded, dipping in 
all directions and at various, but usually low, angles. The following 
dips were observed: South 50° and 25°; east 20°; horizontal; west, 
and again so plicated as to make it impossible to decide the angle. 
Iron pyrites occasionally occurred. Veins of quartz, some conform- 
ing with the cleavage planes, and others not, were observed, one of 
which was 2} inches thick. A brown, iron-stained weather-coating, 
in places one-half inch thick, was common. 

ee. Eighty-five steps south of the lake, and west of the line be- 
tween Secs. 15 and 16, is a large exposure of a gray-green, fine- 
grained, massive, jointed, highly crystalline greenstone, in places 
semi-schistose. No bedding planes could be found. 

About one-third of a mile east of this section are large exposures 
of the same series of rocks (excepting the greenstones), which are 
described above. On the crest of the ridge, about 200 steps south of 
the lake at this locality, is to be seen (1) a small outcrop of the soft, 
green schistose rock (chlor-tic %), described under ce. In its western 
extension this bed becomes heavier and nearly excludes the accom- 
panying rocks. (2) Clay-slate. (8) Bluish-gray quartzite, with 
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vitreous grains. (4) Clay-alufe with contorted bedding; prevailing 
dipS. Eb. (5) Like (1). (6) Light-gray, massive quartzite, near lake. 

Near the center of the N. half of Sec. 8, being 1} miles west of 
the line of our section, and on the north edge of the low ground, is a 
low, rounded knob of ely slate with vertical E. to W. cleavage and 
obscure bedding. It is in all probability the western extension of 
the clay-slates described above. 

Jr. Negarding the next member of the series, we have but little 
light. It is a soft, hence easily eroded, unctuous-feeling, argillaccous 
schist, and has been seen (1) as clay-slate by Prof. Pumpelly in the 
N.E. corner of Sec. 15; (2) Dr. Credner found, while exploring for 
the Portage Lake Ship Canal Co., on Sec. 11, south of the iron ore 
series, “tifty feet of ferrnginous clay-slates, of light reddish color,” 
and a similar rock in corresponding position in other places [1623]; 
(3) the explorations of the Milwaukee Iron Co., on Sec. 10, revealed a 
bed of soft, reddish-brown, unctuous-feeling schist or shale, with irreg- 
ular thin seams of a white mineral. A very similar rock was observed, 
in a corresponding gevlovical position, near the N. quarter post of Sec. 
36, T. 40, It. 31 W., which Dr. Wichmann calls sericite schist [2077]. 
No outcrops occur on the N., W. or E. shores of Lake Hanbury, nor 
in the valley in which the lake is situated, which can be traced sev- 
eral miles W. N. W.and E.S. E. It is undoubtedly oceupied by soft 
slates, like those just described, and it may quite probably be the up- 
turned edges of the same series. Observations made four years later, 
point toward the possibility of this valley being occupied by a hydro- 
micaceous schist like #. These several exposures of rock are believed 
to belong to the same horizon of unctuous-feeling, argillitic schists 
(No. VII), varying, probably, from a true sericite-schist through argil- 
laceous varieties to clay-slate [2942 to 2945]. Since the above was 
written, the Rt. It. cuts at the Vulcan and the extensive explorations 
of Mr. Davis on the S. half of Sec. 31, T. 40, R. 30, have placed beyond 
all question the existence of a heavy bed of this rock, which is No. 
VII, and directly overlies the iron series. 

gg. We now arrive, in descending order, at the great iron-ore 
horizon (Bed VI) of the Huronian series, as develcped in the Menom- 
inee region, which possesses more economic importance and not less 
scientific interest than any other bed. It is topographically conspie- 
uous, forming, as it often does, a comparatively high ridge, having, 
of course, the sane trend as the ore stratum, N. 72° W. : 

The elevation is sometimes considerably increased by a cover- 
ing of horizontal Silurian sandstone, which often caps the ridge, as 
is the case on the section under consideration, and which is much in 
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the way of the miner and explorer. This ore range has another 
fortunate character to which not enough attention has been paid, to 
wit, its magnetism. 

Although the ore is almost entirely specular (red) and limonite 
(brown), yet there is usually enough of the magnetic (black) oxide 
intermixed to cause deviations in the needle, thus enabling the pros- 
pector to approximately mark its position with little cost in places 
where it would be otherwise exceedingly difficult and expensive. 

This iron ore horizon having been somewhat fully described by me 
under South Iron Belt, Michigan Geological Survey, Vol. I, pp. 158 
to 180, need not be further noticed here, than to add a very interest: 
ing and detailed section, showing the internal structure of the ore 
mass, made by Dr. Credner for the Portage Lake Canal Co., on Sec. 
11, T. 39, R. 29 W. 

A part of the iron series exposed by open trenches is from south to 
north as follows: 


6 feet clayish red iron ore. 

13. =‘ clayish soft red iron ore. 

47 ‘* ferruginons clay-slates, soft, blood-red. 

29 ‘* poor quartzose ores, with narrow streaks of rich ore. 

14 “ quartzose ores, a little richer than the last, frequently with bands of good ore, 

especially in the northernmost four feet. 
6 ‘* fine grained, steel-gray iron ore, supposed to be rich; in narrow streaks a little 
jaspery. 

10 ‘© same; a little more siliceous. . 

5 ‘© jron ore, supposed to be rich. 
3 inches quartzite ore. 
3 feet iron ore, supposed to b2 very rich. 
134 ‘* middling ore. 
14 “* rich ore. 
61g “* poor quartzose banded ore. 
51g “ iron ore, supposed to be very rich. 
1144 ‘** banded siliceous ore. 
4 ‘* banded rich and siliceous ore. 
47  ** siliceous iron ore. 
12 ‘ dark-red ferruginous clay-slates. 
Outcrop of 3) paces showing ferruginous clay slates, 

50 “ ferruginous clay-slates of light reddish color. 

20 paces poor ferruginous clay-slates, and very poor silic2ous ore. 

26 feet siliceous iron ore of poor quality. 

6 ‘* iron ore, supposed to be very rich. 
614 ‘* siliceous ore. 

2817 ‘© good fine-grained steel-gray iron ore, here and there with a narrow streak o! 
siliceous ore, but in such a small proportion as not to spoil the good quality 
of the whole. The whole series gives a dark red streak. 

‘© poor siliceous ore, banded with better ore. 

23  ‘* fine-grained, steel-gray, iron ore; shipping ores prevail. 


wt 
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15 feet j jaspery banded ore, consisting of layers of poor siliceous and rich steel-gray ore. 
fine-grained, steel-gray ore, in streaks a little siliceous. 
1300 jaapery banded ore. 
3“ poor siliceous ore. 
14 ** alternating layers of slaty rich ore, some jaspry, poor and siliceous middling ore. 
4 ‘ poorer class of banded ores. 
2'y ** slaty ore, supposed to be good. 
915 “ alternating layers of richer and poor siliceous or, the form»r prevailing. 
39 0 slaty ore, supposed to be workable, with som? narrow streaks of Jaspery ore. 
2 ‘* poorer class of siliceous ores. 
6 ‘ fine-grained steel-gray iron ore, very rich looking and very hard, therefore 
siliceous, 
19 ** turning by and by into more and more siliceous and poorer ores. 
High drift and Potsdam sandstone. 
According to the above given series of iron strata, S. 11, T. 39, R. 29, contains iron- 
strata which are supposed to be workable, of an aggregate thickness of 139 feet. 


The ores regarded by Dr. Credner as merchantable, are below the 
present standard of shipment, but this does not detract from the 
interest that attaches to his very full descriptions of the alternation 
of more or less quartzose and argillaceous, thick and thin, ferrugi- 
nous layers. It is a typical section of the so-called “flag ores,”? which 
constitute probably more than 90 per cent. of the material of this 
formation. 

On the same range, but more than a mile west, at the quarter-post 
between Secs. 9 and 10, where the Vulcan mine is now located, I 
found, in the summer of 1872, the first merchantable ore in place, so 
far as I know, seen and proven in the south range of the Menominee 
region. It is thus described in Mich. Geol. Rep., Vol. I, p. 179: 

“At the quarter-post between Secs. 9 and 10, north of Lake Hanbury, 
are to be seen several boulders of a black, porous, earthy ore, resem- 
bling somewhat varieties of the Negaunee manganiferous hematites; 
the same ore was found in place in a pit near by, and a large boulder 
of it near the center of S. half of N. W. qr. of Sec. 6, and at other 
points. A hand-specimen gave Mr. Jenny 56.44 per cent. of metallic 
iron, less than 16 per cent. of insoluble siliceous matter, and nearly 1 
per cent. of manganese. It is unlike the Breen mine hematite, and, 
in fact, unlike any Lake Superior ore I have seen. It is not improb- 
able that workable deposits of it may exist, which, being soft, would 
not be likely to produce outcrops or boulders. I think it is well 
worth investigation.” 

This show of ore has since been thoroughly prospected by Capt. 
Whitehead, under the direction of Mr. Hulst, whose explorations 
have developed a lenticular shaped mass conforming with the bed- 
ding, having a maximum thickness of 75 feet, and apparently wedg- 
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ing out toward the west, where in one pit it is but two feet thick. 
Neither its eastern nor downward extension have been determined. 

A strictly average sample, obtained by collecting indiscriminately 
sinall portions from all parts of the stock pile, analyzed by Mr. E. T. 
Sweet, under direction of Prof. W. W. Daniells, of the Wisconsin 
State University, Madison, gave the following constituents: Sesqui- 
oxide of iron, 84.98; peroxide of iron, 1.17; silicic acid, 10.56; 
alumina, 1.43; lime, .62; magnesia, .28; oxide of manganese, .18; 
phosphoric acid, a trace; sulphur, .07; water, 1.22; total, 100.51. 
Metallic iron, 60.4. Sp. gr. 4.414. 

Associated with this ore are several interesting rocks [2985 to 
2989] 

On these facts, we are warranted in saying that this ore is first- 
class as to quality, although not identical in character with tha high- 
grade Marquette ores; and that there is a large workable deposit of 
it, with every probability of more being found. 

The above was written in 1874, since which time extensive develop- 
ments have been made on this iron range, and several mines are now 
shipping large products by rail. As the region is rapidly developing 
through mining and exploration works, it is not worth while to 
attempt, in its present transition state, to further describe its geolog- 
ical structure, than to say that the ores seem to have the same origin 
as the soft hematite ores of the Marquette region, which, I conceive, 
are altered forms of the quartzose ores, the siliceous matter having 
been dissolved out. This leaves them soft and porous, more or less 
hydrous oxides in the Marquette region; but, except at the Breen and 
Emmet mines, anhydrous here, so far as developed. This supposed 
origin produces essentially a more or less irregular, pocket-like form, the 
ore sometimes giving out suddenly in the direction of thestrike; and, on 
the other hand, the “flagy-ores ” as suddenly passing into the altered 
form. It seems not improbable that more than one distinct iron bed 
may be found in this horizon, separated by some quartzose, argilla- 
ceous or chloritic schist. The ores are characterized by being very 
low in phosphorus, and easily reduced on account of their porosity. 
Just what place they will take in the iron trade of the west, it is not 
safe yet to predict, but certainly an important one. 

Although not belonging to this part of the subject, it may be inter- 
esting to note that this Breen-Quinnescec iron range, constituting bed 
VI, has not been seen within the limits of my survey on the Wiscon- 
sin side of the Menominee river, although it undoubtedly exists 
under the drift, just north of the mouth of the Pine river, where its 
rapidly diminishing magnetism enables us to barely follow it across 
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the river. Sce general atlas map. That it is widely distributed at 
great depth under the Pine river district, there can be no doubt. 

hh. Underlying the iron horizon, and not less conspicuous, is the 
great dolumitic marble bed of the Menomince region, which appears 
to be coéxtensive with the iron, one being seldom seen without some 
indications of the other. On the south side of Sec. 35, T. 40, R. 30 
W., it ean be proven by measurement that this stratum has a mini- 
mum thickness of not less than 1000 feet, making it one of the thick- 
est beds of the series, and excepting one comparatively small and little 
known bed (X) of the north belt, Sturgeon river district, the only bed 
composed essentially of crystalline dvulomite, yet made out in the 
Ifuronian — one may say in the Eozoic, fur no limestone has yet been 
found in the underlying Laurentian south of Lake Superior, or in the 
overlying Copper series. It is true that the lower quartzite (bed V) 
of the Marquette series contains considerable lime in places, but it is 
essentially a quartzite, and is only locally or probably in its upper 
portion, dolomitie, as it is in other places argillaccons. Sze page 148, 
Vol. 1, Mich. Geol. Rep. This subject will be further considered 
when discussing the equivalency of the Marquette and Menominee 
series. 

The marble, as will be seen on Plate [, outcrops in N. half of N. 
half of Sec. 9, and in N. half of S. half of Sec. 12, T. 39, R. 29 W., 
as well as in N. half of N. half of Soc. 18, T. 39, R. 28 W. The 
observed dips were from 25° to 80° to south —the former being the 
lowest rezular dip I have observed (in 1874) in the Menominee 
rezion, and occurs in the S. E. qr. of Sec. 12. In many places the rock 
is massive, and the dip cannot be made out, but it is often banded 
with siliceous layers, which are made to project on exposed surfaces 
from the effects of weathering. These are usually true seams and 
mark the stratification, otherwise they have much resemblance to the 
quartz veins in the quartzite described under v. The marble is usn- 
ally compact, fine-grained, and bluish, purplish, or light greenish- 
gray (2068). See Mich. Geol. Neport, Vol. I, pp. 167 and 171. 

In the fall of 1878, four years after the above was written, I had 
an opportunity to examine a quartzite which Prof. Pumpelly imformed 
me he had seen in the N. E. qr. of the N. W. qr. of Sec. 9, T. 39, It. 29, 
which seemed to divide the iron from the marble. A careful study 
of the peculiar jaspery quartzite, and of a similar one immediately 
north of the Norway mine, leads me to regard them both as second- 
ary forms of the Silurian sandstone [2065, 2966, 2971]. At one 
place I found angular pebbles of Iuronian limestone bedded in the 


jaspery quartzite. I therefore determined to omit from my section a 
Vou. II. — 30 
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partially conjectured bed of quartzite and clay slate which I had 
formerly placed here. 

We have now arrived at the valley of Pine creek (Michigan), which 
forms the topographical separation between the marble and lower 
quartzite to be described. This valley shows few outcrops and has 
been little explored. It is in all probability mostly underlaid by soft 
schistose, easily eroded, rocks. 

a. That aferrnginous bed immediately underlies the marble, is 
rendered almost certain by the magnetic attractions, amounting in 
places to 60° of the dip needle, which can be observed on the north 
side of Pine creck, near its junction with the Sturgeon. Pumpelly 
and Credner saw sharp angular boulders of iron ore about one mile 
further west, which, in all probability,came from the same bed. The 
local variations of the compass marked on U.S. plats near N. qr. 
post, Sec. 17, T. 39, R. 28 W., are undoubtedly due to the same cause, 
and those observed also by the federal surveyors, at or near the cor- 
ner of Secs. 19, 20, 29, 30, T. 40, It. 29 W., point toward its being 
continuous to the N. W. 

aj. We now reach the great guartzite of the Menominee Huronian, 
which, owing to its hardness, has resisted eroding influences to that 
extent that it presents more aggregate length of outcrop than any 
other formation, and its character is, therefore, well known. 

It is well exposed on the Sturgeon river, where its most southerly 
outcrop ison the S. W. qr. of the N. E. qr. of Sec. 7, T. 39, R. 28 W., 
where it is purplish-gray, fine-grained, massive, breaking into irreg- 
ular fragments, with occasional fine striping which probably marks 
the bedding. One mile above and near the falls, the quartzite rises 
to an elevation of over 200 feet on the east side of the river, main- 
taining the character given above, but liglter colored, in places nearly 
white, and often in such instances not unlike vein quartz. 

Fine banding, or stripping, due undoubtedly to a stratification, bore 
at different points N. 60° to 75° W., and dipped nearly vertically, in 
one place 72° to the north. 

Peculiar forms, not unlike Gothic roofs, covered with moss, are 
common, the crest lines being parallel with the banding. A thick- 
ness of 330 steps was measured, and the whole mass cannot be less 
than about 1,000 fect. 

Near the river and west of the most northerly exposure of the 
quartzite, in the direction of the strike — hence, perhaps, a variety of 
it—is a quartzose rock holding much feldspar and having somewhat 
the appearance of granulite. Its weathered surface resembles some 
varieties of gneiss, the schistose structure of which bears N. 80° W. 
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North of the quartzite, and beyond a small valley, is a hornblendic 
schist (2275 and 1636]. (Wichmann's Report, § 128.) Next north 
are several beds of greenstone or hornblende schist, or both, alter- 
nating with layers of what has been called a taley, or protogine gneiss. 

At one point, the division plane between two of these beds was very 
plain, dipping 72° S. by W. 

These beds, underlying the quartzite, are not represented on the 
plan and section, being too far east, and not having been precisely 
located. They may cross the river under the basin which bounds the 
quartzite on the north, and hence be concealed, or may represent in 
part the conglomerate-schist series now to be described. They are 
small in extent, and are chiefly interesting because Dr. Credner pro- 
nounces them to be of Lanrentian age, and bases some lithological 
generalizations on such view, which seem to me to be erroneous. See 
“Die Vorsilurischen Gebilde der Oberen Talbinsel von Michigan. 
Zeitschrift der Deutschen Geologischen Gesellschaft,’?> XXI Band, p. 
521, and following. 

This series is exposed on a projecting point on the east side of the 
river, a short distance above the foot of the Falls of Sturgeon, portage 
trail, being about 500 steps S. W. of the center of Sec. 9, T. 39, R. 
28 W. 

1. On the south side of this point, hence forming the north shore 
of the basin, is a considerable bed of a soft, fine-grained rock, appar- 
ently a chloro-argillaceous, a@renaceous schist [2277]. The strong 
cleavage planes strike N. 80° W., dip 60°S. A somewhat distinct 
banding had a strike N. 75° W., and vertical dip. As no rock is 
exposed fur some distance south, this schist may have considerable 
thickness, and in part underlie the basin. 

2. North of the schist is eight feet in thickness of a reddish-gray 
quartzite. 

3. A thin bed of a schistose conylomerate, holding pebbles of what 
appear to b2 Laurentian granite and gneiss and white quartz, loosely 
bedded in a matrix resembling 1 [2278]. Prof. Pumpelly called the 
rock provisionally protogine conglomerate. 

4, Five feet of schist similar to 1. 

5. Eight feet of conglomerate similar to 3. 

6. Three feet of schist similar to 1, which brings us to a narrow 
part of the river and ends the series, for on the opposite side is Lau- 
rentian granitic-gneiss, On the east side where the character of the 
rock could be observed, it was reddish and coarse-grained, bedding 
obscure, but apparently N. 60° W., and dip 70° to N., which seemed 
to be the strike and dip of the division plane between the two series. 
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The bedding of the conglomerate and schistose beds 1 to 6, above 
described, was unmistakable, being N. 80° W., with vertical dip, hence 
essentially parallel with the great Iluronian quartzite which overlies 
them on the south. The bedding of the granitic-gneiss series (Lau- 
rentian), which here presents several varieties, as has been remarked, 
was obscure; in one place, however, about one-third of a mile farther 
up the river, it was distinctly N. 45° E., and in another place N. 
20° E., with dip 35° to 50° southeasterly. About fifty steps up 
stream froin the conglomerate-schist series, is an exposure of a dark- 
green schistose rock, apparently a hornblendic chloritic schist, and 
containing much lime [2279], which strikes N. 45° E., and dips 
45° to S. E. As this rock has somewhat the character of a dyke, 
we are not warranted in saying that it marks the bedding of the 
Laurentian. - 

The structural facts, in connection with the strong lithological 
affinities which the schist-congzlomerate series bear to the Huronian, 
and the still more important fact that the pebbles contained in the 
conglomerate are unmistakably Laurentian, leave no question in my 
own mind but that the rocks under consideration are Huronian, and 
form the base of the series at this point. I have therefore marked 
them I, indicating the first formed strata of the Huronian age. 

This number is intended to embrace all the Huronian beds older 
than the great quartzite. 

No rocks affording to me the slighest suggestion of a conglomer- 
itic structure have been found in the Laurentian system, its rocks 
being always highly metamorphosed, and often so much so as to destroy 
all traces or suggestions of bedding. 

Nor have we a right to assume that these rocks are simply local, 
for in Towns 40 and 41, Range 30 W., there is everywhere a valley 
between the great ITuronian quartzite and the nearest exposure of the 
Laurentian, which may, and very probably is, underlaid by a similar 
conglomerate-schist series. 

There is another class of rocks at this interesting locality which 
may be properly mentioned here, which, apparently conforming with 
neither system, present rather the structural phenomena of dykes, 
although their material is softer and more schistose than is usually 
found in true dykes. 

1. 1125 paces N. and 400 W. from the S. E. corner of Sec. 8, which 
brings us on the south side of the amphitheater of which the before 
mentioned basin is the center, there is a thin, vertical bed of aschistose 
rock, gneissic in appearance and rich in mica. It is soft and brittle, 
of purplish-green color, and altogether an uncommon variety [2273]. 
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Its strike is unmistakably N. 60° E., nearly at right angles with the 
great quartzite which cuts it off each way. 

2. Northwest from 1 about 75 steps, and forming the barrier rock 
of the sinall lower fall at the lower end of Portage trail, is a light- 
reddish and greenish-gray, and apparently taley, variety of quartzose 
rock, the schistuse planes of which strike N. 45° E., and dip 60° S. 
E., or approximately parallel with No.1. No other rock was seen in 
contact with it [2276]. 

3. On the west side of the river, and just above (2), is a peculiar 
metalliferous rock, exposed by some digging, which 1 have observed 
in no other place. It is a highly crystalline mixture of reddish, 
orthoclase feldspar, with many cubes of iron pyrites, and in places 
thickly sprinkled with crystalline grains of magnetite. It may not 
improbably be a vein, although the rock has some affinity with a 
feldspathic rock observed on the east side of the river, which is illus- 
trated by Spee. 65, Mich. State suite, where it is called talcose gneiss. 

Regarding the schistose, dyke-like masses (1) and (2), above 
described, I have seen precisely similar ones in the Marquette region, 
and regard them as formed by the filling of fissures in rocks by the 
inflowing, if flowing it may be called, of the nearest adjacent rock 
Which has the requisite plasticity, Just as the galleries of coal mines 
are filled by creeping of adjacent slates. 

The two N. E. and 8S. W. reaches of the Sturgeon river above and 
below the falls, which are parallel with the direction of the dykes, 
point toward some such general cause, which may also account for 
the river having broken through the quartzite barrier at this point. 

While displacements (faults) and true dykes and veins are rare in 
the Huronian area, I think there is much evidence to show that such 
small displacements and partial squeezing out of beds, such as must 
have accompanied great plications, are common. Such will be 
pointed out at the Little Quinnesec and on the Pine. 

2. Little Quinnesec Falls, Sand Portage, and Devil’s Gut 
Section. T.38 N., R. 20 E., Wis. (See Prare IL.) From south to 


north, beginning with the youngest formation, as in No. 1. 
20. of bed. Thickness in feet. 
XX. ¢. Granite. Supposed to be the youngest bed of the Huronian series. 
See description, under ¢ of preceding section. 


XIX. 8 Hornblende schist. Dark, grayish-green, fine-grained, crystalline, 
very jointed, and feels rough to the touch [2124']. Dykes of 
granite course through the bed in every direction. The dip is 
nearly vertical, but farther west it is southerly, and under the 
granite; and in every case where the dip could be made out, the 
hormblendic schist dipped toward the granite at a high angle.. 250 


1See Dr. Wichmann, Chap. V, § 130. 
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Vo. Of bed. 


XVIII. d. 


XVI. ff. 


XV. 


C. 


h. 


ne. 
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Thickness in feet. 


Covered...... Pe ee ee ee ee ere 
Hornblende schist, resembling D........0cccccccccccccsccesess 
COVEPE His seit te atone ¢ arene aun nea ea oe he ava aeduaG eee eee 


A high bluff of coarse-grained gabbro or gabbro-like greenstone, 
somewhat porphynitic in texture [2116], resembling the barrier 
rock at Sturgeon falls. This rock is lithologically identical 
with that of the great greenstone ridge north of the river, de- 
scribed below (XVI), and it may possibly be that formation 
brought to the surface by a fold, or, if both are esuptive, then 
its presence is still easier to account for. I regard it, however, 
as the equivalent of the gabbro, occurring at the head of the 
Big Quinnesec (see Plate III), therefore forming a distinct, 


thinner, and younger bed, whatever its origin....... évicalarres 
Covered e®eveeweeeeor-eoeenvneoneee eo 8 08 @ @es@aeeeeneoenee eee eeeeonveee8 @eee0eoe ee 
Unctuous- stealing apparently chloritic, schist [2117]...... Saeseds 


Covered. Probably the Sand Portage and Devil's Gut series belong 
here. See detailed description of those rocks which follow this 
section. or ee ahs @enewa weet eae eae 

On the south shore of the river is a dark green, fine-grained 
greenstone, with thin seams of chlorite [2118]. A specimen 
was named by Dr. Wichmann diabase, and later chlorite schist, 
and one by Mr. Wright, chiloritic diorite, based on a microscopic 
study: Of thin Seclions s:sc.twsvascan desesantaees eeasveveieeleais 

Covered by TVersscstaviestesecsewedepieveiwecieiosesesss 

This locality is at the N. W. end of 0 one of the most conspicuous 
ridges of rock on the Menomince river, suggesting as it docs 
the palisades of the Hudson on a small peale. It forms a con- 
tinuous crag extending for a mile below the Little Quinnescc 
falls, in one place 700 feet wide. The rock, which has been vari- 
ously called gabbro, gabbro-like diorite, porphyritic diorite, and 
diabase [2112, 2113, 2114] (69), is usually very coarse-grained. 
The green hornblende crystals sometimes 14 inch long, and 
whitish feldspar facets nearly as large, are at once striking and 
DCA Hal cas tacntesoeet a ekeweMe Pee aes eeete sentra esos we 

Mr. Rutley first applied the name gabbro, based on a careful mi- 
croscopic study of a specimen of the Michigan state suite (69). 
Those interested in its mineral composition are referred to chap- 
ters III and 1V. 

Intercalated beds of soft green schist, striking with the trend of 
the ridge and having vertical dip, occur. 


Chloritic schist, splitting into flat prisms, with acute edges...... 
CULOPIUG SCIASE cia we hah ae ah SWS GREEN aes 0d Shae 
Unctuous-feeling schist, hght gray-green, with fereeilat branches 

and seams of quartz and a thin dark gray-brown weather coat, 
A mass of greenish-gray, fine-grained, massive greenstone? pre- 

senting a rectangular surface and surrounded on three sides 

with chloritic schist, having a trappean structure [2063]....... 
Chloritic schist, from typical to unctuous-feeling and quartzose. . 
Fine-grained greenstone.....ccccccccscccccccccccsecccccccece 
Unctuous-feeling chloritic schist, with seams of quartz and lime, 
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V0. Of bed. Thickness in feet. 
COO WN besa cucoueatatandstdat osha dawns sad aireua anaes 10 
0. Medhum-grained, green, highly crystalline, hornblendic diorite and 
hornblende achist.cccccccccccccccccccece Ce duceteieaan ous : 40 
Pp. Dark chloritie achist, with veins of quartz and calcite (2110].... 10) 
GQ. Digght-yreen diorite.....0.ccccccccccccccccccccscecstescsasese 33 
r. Dark-green chloritic schist with narrow seains and veins of quartz 
[SIS | eaweceewrn ae. wie teen an awn tunnel seeae dees tee 10 
CONCH sce h i. oiii.d ube deren Ui rare stadan eset ane eke arnes 13 


8 Light-green, massive diorite [2107], with a 10 foot bed of very 
dark-green chloritic greenstone schist, containing occasionally 


FOUL BPRCKB: S adinww Reeders sea Soe Saree eas aceasta wuaats ” 
CONGR: dada aenedeuaewees Gas eeoerows aay osteatserstiseie atlas aa 20 
t. Soft, dark-green chloritic schist (LUG)... . ccc ce ee ee ee ee ances “0 
UU. Mussive greenstone. .ecceccees erarnmuied sets eee re ee 40 
©. Chloritic schist, containing considerable magnetite, a Fomee 
what warty on cleavage planed... ceseeesecees eer eeeces ews (5 
COVETCNs s6i05.42054e She eet woes ecdelsld ated Wa wend aetowe awa lo 
w. Chloritic hornblende schist, with grains of glassy quartz (2 10 5 
(or, Wichmann, porpuyritic hornblende gneiss).....seeeeeees 25 
5760 


Our inability to identify the beds on opposite sides of the river, 
together with the facts recorded above, and certain topographical fea- 
tures of the locality, render it not improbable that there may have 
been a cross fracture and small right hand throw at the locality, alone 
which the river has broken through the series. This might easily, I 
conceive, have produced the phenomena suggestixe of eruptive agency 
recorded under & above. 

It was remarked above that the considerable covered space between 
eand f (Plate ID), was likely to be underlaid by th rocks to be seen at 
the head of Sand Portage Rapids and at Devil’s Gut. These will now 
be described (the former from Mr. Wright’s notes) from south to 
north, in supposed descending order, beginning with Sand Portage. 


No. of bed. Thickness in feet. 
AVII. Chloritic schist ..... Deasuuanne eure wat i actienue Muumea-otebates 20 
Chloritic hornblende rock, often Aioritic....ceccccecsccsce eee 100 
Near foot of first rapids. Light greenish, tolevably soft, 
chloritic schist, on weathered edge somewhat shaly (2100].... 40 
Chloritic diorite; somewhat schistose, with reddish spots on fresh 
fracture that have the appearance of garnets [2101]......... ‘ 40 
Chloritie schist, with thin seams of quartz; ash-green color, 
with reddish specks, possibly feldspar [2102]..........0.c00 95 
Chloritic diortte, sinilar to 4th outcrop above, with seams of cal- 
CNG: teah sede wansee ee eva een aes Seelnc ans Cimeees were eaees 35 
Three beds of diorite [2104] and chloritic schist. ...seasceccecce 35 
Massive hornblende rock ..... ee eer ee ee ehicncand lars ee 3) 
Alternating beds of chloritic schist and chloritic diorite .....00 60 
Chlort'te sclé-t, occasionally somewhat talcose in character. ...ec 180 
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Ifalf way between Sand Portage and Little Quinnesec ia a light 
greenish-gray, micaceous slate, slightly unctuous-feeling, with quartz- 
ose lamin; weathered surface is brown [2058]. 

The following beds, believed to be the equivalents of the above ser- 
ies, can be seen at Devil’s Gut (Plate II), and are enumerated from 
south to north: 


Vo. of bed. Thickness in feet. 
XVII. Chloritic schist (south bank of river). 
IVCR saterowiawwstseuaeveceenaeios SeGNaewiewetles sumeeeuee 90 
Gray-green chloritic or clay slate, effervescing slightly with acids, 
and containing occasional quartz seanis [2055]......eseeeeeee 30 
Covered .....e0e- DeeueGemae es hea teens Gewe ene eres sSeunec 120 
Magnesien slate, like 2054 below... ..ccscccceccccess sdlatechns "e 10 
COVCrCU ses oa Sante ieeA cates seu ebsGeeceeues Mieduq wen tovs 15 
Chloritic schist, like 2033 below. .co.cccsccccecccces seccceccs (0 
Covered ..csecccseces Lacpiiewwe maim sees bestia ae wees 6 nee o 
Thinly laminated, gray and brownish, soft, magnesian slate, with 
thin seams of quartz in cleavage planes [2054]........ eer =0 
Covered ...... Wave R enews wees eee aera renee 20 


Chloritic schist or slate, with greenish gray, irregularly pitted 
weathered surface, and thin seams of calcite; weathers green- 
ish-brown [2003]....... eheeeawes Seuabucumeede Svat waee 40) 

Tine-grained, light-green, chloritic greenstone schist; weathered 
surface greenish-gray, studded with crystals of feldspar brought 
out by weathering [2052]......seeeeee or ee eer es 30 


465 
The unctuous feeling which belongs to the hydro-micaceous schists 
exists in the above so-called magnesian schists in some degree. 
3. Big Quinnesec Falls. Sec. 12, T. 38 N., R. 19 E., and Secs. 
7 and 5, T. 88 N., R. 20 E. (See Prare III.) 


No. of bed. Thickness in fect. 
XX. a. Granite’ [2129]. See (a) Sturgeon river section. In a few places 
evidences of bedding, indicated by gneissoid structure, were 
observed, dipping to the south and conforming with the adja- 
cent hornblende schists. 


COVERE seis ne sanceeaaneenesaes Rime ise eeateicaneetashes : 250 
b. Hornblende schist with dykes of granite...... ore Seaewepese 00 

COVETED 225. ie wonie badaeitea Mir nwehe tke we cee Sees eeee esses a0 

Hornblende schist. Farther west is a very tough diabase, with 

crystals of feldspar [2072]........cccosscccececcccceccrccens & 

Covered Moist Seki c ad awa wandaitae sees cua benreui onde k 125 
c. Hornblende schist, ledge 100 fect high .... .ce-ceeesccreecsece 200 

COVOTOUA weeds ub ese sew Sires 4 oxen 4S ta eae ek sie acee been sae 300 
ad. Hornblende schist ...... ee ree ere rer ee er ee 20 

COVGrGd ots cai hos went hee be chs wa ena este eee ees 300 


e. Coarse-grained, gray-green diorite, with beds of chlorite [2127]. 
Mr. Julien applied the name kersantite or mica trap to a speci- 
men from this outcrop [2996], probably altered from a green- 


3 These notes are largely Mr. Wright's. 
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Thickness in feet. 


Covervd. ..csceee eeeseorecsoe @esetoeneene @eeesneeaseeerveereeversvuse 
CTOVING RONISE 585 on bso bie SRE EW EEW RE ween Oe Bee ORE 
Covered ee eS CH}HCTCHC HC OR EERE OEE DESEO H Coe sHeHREOH Oe LO RHO ORES 


Chioritic schist with quartz dykes and diorite. ..ccccccccecceces 


COCO TO ike 8 eos or alca e 2 we hwies @seeeeeeeseeoevese @ee@eeseeseorxreee 
Thorite @ee¢eorGesGeeer>eeBGeaoteesseeceaeeeeveeeSseeeseesesesvesne 2 


CONCIAISLe Ceees Weeden Sexes ove @edes vaste Seaaseseneen 00 
NM ASNING CONG clea tuctceetes oaok es adee sae ie eeaeeeeor. <0 
COMUPALY G2ccestGe Siscn ae ee eedt an banewaagesenesat ene iO 
Chloritie and dioritic schists with dykes of quartz...... coee 100) 
COMOTOU gis t.sireaeeOe. Coniatees boa eel eeaentes Peewee ease 
Coarse-grained massive diorite, with chloritic schist. ..ccces 100 
Covered,.... Sib. eee a atten 6S GSR aie BO Gee eOeaas eee neces ee se AU) 
On the northwest side of the river, opposite the outcrops 
from & to n, are numerous exposures of a schistoge, chloritic- 
looking rock which Mr. Juhen designates biotite-gneiss 
[2374 to 2x5). It is not improbable there may be a single 
and perhaps double fold here, These dither from the pre- 
vailing varieties Ig meles farther up the river, which are 
gray, harder, and less micaceous, 
Tulcose, chloritic and dioritic schists, passing into each 
other [21l26]....... Silwe Oe eae Se eaeseeaseeeeaseeseses. 20 
COVER otc ie. eS Ah oicea sae rk Gietiurn ta baa eee Cewee se ones O00 
Chlorttic schist Sie Ss bieie’e Mae See oRiGd Sone ahs WO Go skh eewuere. CO) 
Quartz schist with seams of chlorite. .ccccececce ceceee ses OW 
CHOriiC BChisl: ce eawe dee iek ee ote sseeeebw ene tas eee ees. 200 


2.490 
On the hypothesis of a double fold the true thickness would be 
one-third of this amount, equal to .ccccccccec ccc ceccccccecs 
COVCTON 4.0 oe ehe doses e055 eke sacs § i055 sae kGESK SENS SS OEwE 
Light-gray, medium-grained greenstone, resembling kersantite. . 
(OV OTEWL Sotelo ests eb awe nee deoeew sade: GaSe s ese eee anes sees 
ERCENSIONG BCNISLsdc:cu0 sh esbs Goh csewneus seene Sues e oleae Gar 
GTEOCNS ONG. .ha<eci se Cee e Rais C4055 oe awd Se Mewes sakes oa. Se.. deed 
Litferent varieties of greenstone occupy the east bank of the 
river continuously to the basin. Subsequent observations !4 
nule east on the strike of these rocks, afforded numerous varie- 
ties of altered greenstone, apparently chloritic [2852 to 2256]. 
At the extreme south corner of the basin is a related gneissic 
variety [2850]. 
Diorite, porphyritic with grains of glassy quartz [2969] ........ 
Light-gray, medium-grained greenstune... secccccseccercccecs 
Siliceous, unctuous-feeling chloritic schist ce.sccccevccccescces 
Light-gray gabbro (‘‘ diorite porphyry *’) with large white crystals 
of feldspar [2910] seccas ccs vcis Scie s tees etn ts: Sedeewsee<s 
Greenstone schist, with a ten foot bad of chloritic schist ........ 
ane = sericite schist, holding grains of quartz and pacts 
decomposed feldspar (2071'], often slaty and showing on cleay- 


1 

110 
40 
100 
100 


13 
5) 
2) 
2:30 


40 
60 


1Dr. Wichmann, chapter V, § 118. 
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No. o& bed. Thickness in feet. 
age planes pinkish spots and uneven surface......see. sane 115 
y. Chloritic schist..... ere Seances eer ery TT ere 85 
Covered......02 s- eT eee Oe err ee eee ee 225 

z Light grayish-green chloritic sehial, with seams of ee (slight 
Macnelic: WELACHIONS) awed saieasesssareewse eae Sewdentece 30 

aa. Chloritic greenstone schist, with pinkish grains of feldspar (schal- 
stein?) ..... pried tetis ME beedeS bee wee een Mee eNes Kase teeca't 25 
Chloritic schist, with seams of calcite ........00. bsitaeaa eae arereve 95 
Chloritic greenstone Schist.cecsssecses Wate eweeee wera eS ea ernw secs 25 
COVOTCd 6: a.005 ot dee (058 ere eee ere ee rr ee pale 130 
bb. Chloritie schist, with seams of calcite and veins of quartz...... ; 20 

Siliceous, unctuous-fecling chloritic schist, with seams of calcite. 
Appears to be a dyke [2073]... 2... cece cocccc cscs ccvecves Da 3 
Chloritic schist... sssccsecccece eer eee ree si aateiereie 40 

cc. Chloritice greenstone schist and light-greenish, fine-grained green- 
Stone schist ..cse.e- nels os ore rer (eave eee one ws ‘ 04 
5,600 


The typical gray eneisses with plagioclase [2905 to 2914] associated 
with hornblende schist, observed on the N. W. side of the basin, 1,500 
paces N. and 500 W. from S. E. corner See. 12, T. 38 N., R. 19 E., 
were not discovered near this section, and apparently do not cross it, 
and their exact place in this series is not made out. The gneiss is 
identical with that north of the Pine in Sec. 24, T. 39 N., R. 17 E. 
(2234, 2539 to 2847], which we now embrace in bed XVII. They 
are interesting in view of the fact that they are the oldest Huronian 
typical gneisses yet observed. These rocks were missed in 1874, be- 
cause under our strict instructions, we were strictly confined to the 
Wisconsin side of the river. They were examined by Prof. Pumpelly 
and myself in 1877, and afterwards by myself in 1873, 

The gabbro is found both up and down the river from the gneiss, 
but the latter was not found on the south side of the river in the direc- 
tion of its strike. This may be explained by a fault or by a narrow 
gneissic anticlinal, sinking toward the east. Comparing this gneiss 
with that described as biotite gneiss in the above description, this is 
grayer, harder, less micaceous, affording almost granitic varieties. 
At the same time its chloritic beds and intermediate varieties have so 
much resemblance to the biotite gneiss of the section that it is not 
improbable further investigation may prove them belonging to the _ 
same bed, connected by a series of folds. 

The great thickness of gneiss, and in fact of the whole series, to be 
explained here, would be most easily accounted for on this hypothe- 
sis. See Plate III. 
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LOCAL DETAILS. 


N., R. 19 F., Wis. See Prare LV. 


bed of the series. 


22S 


Middle Huronian. 


4095 


4. Four Foot and Twin Falls Section, Menominee river, T. 39 


Section from south to north, beginning with the supposed oldest 


Thickness in feet. 


Light bluish-gray, shining, elay-slate, with strong cleavage and no distin- 
gnishable bedding planes [2075]. Dr. Wichmann called this specimen 
phyllite, Quartzose lamina or seams 1 to 2 inches thick conform with 
cleavage and mark bedding [2074]. The strike ia N. 85 E. and dip 70° 
to Xv’ to the north. The bed where it crosses the river produces a rip- 
ple, and is exposed in the bottom of the banks for a thickness of 20) 
st:ps. No more typical clay-slate, and perhaps no thicker bed of this 
rock, has anywhere been found. It has been nowhere seen in place in 
the direction of its strike, Numerous fragmenta of a similar rock found 
in the S. W. portion of See. 6, T. 39, R. 18, indicate that it probably 
extends westerly under the heavy drift region, and may very likely 
graduate into the hydro-micaceous slate found on the north side of Pine 
niver in Sec. 34, T.40,R. 17 FE. The clay-slate at the mouth of the Pine 
river issimilar and probably the same bed. The prevalence of carbon- 
aceous or ferruginous material in the clay-slate of the Upper Huronian 
and their absence from similar slates of the Middle Huronian, as devel- 
op-d in Michigan, together with other considerations, leads me to place 


this in the latter division, perhaps bod XI..... pWieie arene wane s'obwieiesiners 
Covered ndce somes cece osc ween oaeas o6 Siaelaalei:o dclowie Memeww ow ans seers 
Tough, hard, irregularly-splitting, micaceous chloritic schist [27°]. ..+6- 
Covered ....... CeCe rcrecesrecsccces Ce occcereccesces eoececcccvce eeeccece 
Greenstone schist..c-cecscreccsecssscesecceces SeTe TT ERE ee Te 
Covered ita edicaeoedetais iiwewawawieeee Suawieneimewes bb adiecmuewsens 
Chioritic ? slaty schist: oss scenscasadesatsewest Sadha cid eaeens tandes ae 


Ochrey, carbonaceous (magnesian 2) contorted schist [2134]. Tt is often 
black and stained reddish and yellowish from the decomposition of iron 
pyrites. Found only on the west side of the river, suggesting the possi- 
bility of a fault .......... rere rrr rrr re ere iMiesGucwm ones 

This bed has more characteristics in common with the Commonwealth 
formation XV, which apparently should be found in this series, than 
with any other which is exposed. Ido not, however, believe they are 


equivalent. 
Greenstone SCRISt. ccccacceccccsecsese sccccccccsssrsccsssesscceves 
Massive greenstone. .cccseccccsccceccces RG pA CARERS cee eSeietinw eae es 
Massive fine-grained greenstone ....... en ee giataag tia wha 


Bods b to s inclusive seem to be chiefly represented on the east side of 
the river by greenstone. 
An obscure, apparently magnesian, schist, which Dr. Wichmann calls cal- 
careous hornblende schist [2135].......06- sieereaaaie <e5ees se seceseees 
Greenstone..cessees (ees weees cue< wisi Gre Sse 64ale GASGGNK Ou esas sitaes 
Covered, probably a soft schist or slate...-..0. secscce socrerccccesece 
SOL ChIONM NIC BCHISE 7 ic.6s Scmeswasse ues Use aWs ears cewcets ea¥ees Gaweeus 
Covered. icssaeeses casts ie lob ada neeeeiesawiteree ees se S6 esa vay Aes 
The remainder of the section is from Mr. Wright's notes. 
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Thickness in feet, 


A very heavy bed of light greenish-gray, massive, fine to medium-grained, 
diorite; varies only in size of grain, and in places somewhat schistose. 
The same rock was found to the westward...... seolncasiae sieaeuess 
Covered avcseeeassececads ee eer etineecssaeeti tae ede ess Oarees 
Chloritic slate, like outcrop on river bank [2140]...eccescccccccrevceces 
COVELER: 25 ss waren civ ate Seuesee sect a eieeaes scales eee 8 Noes easeweesenases 
Upper Huronian. 
Dark grayish-green on fresh fracture chloritic slite [2137] ...000 covcees 
Earthy ash-gray dioro-chloritic schist, very a and splitting into 
spear-head like slabs....0cssececcsee ERoae se ueweseve Bad uve Swuee 
Ash-gray-bronze, soft and very jointed, slaty chloritic schist.. 
Dioro-chloritic schist, light to grayish to ash-green color, soft, Snted: 
with yellowish or brownish specks, and containing quartz and calcite.. 
Massive chloritic diorite, sometimes schistose and jointed, with seams of 
calcite and veins of quartz. This rock forms the barrier at the Lower 
Twin Pally sachets ce idaeseseeeeUca cates oeesea Sek weteosusawas es 
Soft, ash-green, chloritic schist ....ccseee. sewers cevewewocuten s Fe 
Dark grayish-green, medium-grained, massive diovite, with chlorite ..... 
COVeVEd sch icsecy decisn vests Sewedeaes Sahagineee ewes iceewees aahiaees sacs 
Grayish-green, fine-grained, massive diorite, somewhat chloritic.......e 
Covered, bY rivetsciss<si0s Sxccescdnca ses Sueidv Seeder edenuweneSeesaee 

Massive diorite similar to v, with seams of chlorite and often jointed.... 
Grayish-green chloro-dioritic schist, with reddish specks, probably feld- 


spar . eoveetegreeresevee eeeeeereeeeneseeaenerece eevee evo eer ereesenseene 
Light pees pray, fine-grained, massive dior‘tte ; conte scams of cal- 
cite and irregular veins of quartz..... Satu ee hie Sas Sh wwieas aewae 
Covered... ccccccee @eseeeee@eeeeeespeevensd ee@evua2neesnevoeoeveeeoeoeo ee ee@g@eseees08 es @ 


Very fine-grained (aphanitic) grayish-green amphibole rock, very jointed 
and hard, and rings when struck with a hammer, like a piece of steel 
[2136]. Disseminated through it are irregular patches of light-col- 


ored pyrites ........5- 20 eee ee eee aid Maa aac nae Piaeeeesi 
Grayish-green, soft, typical, dioro-chloritic schist.....c.seeeceeee rere 
Diorite, similar to v......0..0. eT Te Cr ee ee ETT pareuvecee 
a ee Pe ee ee ere ee re ee Renee sates eatieareve 

: RE wee Bases te satiate wa eee eteerd oxieele ele sees bs eiaees 
Dioro-chloritic schist similar to aa .....2-..s.e00e. Senta pbewsawas wes 
COVERCU ie bo. is ae we iicee wie weeSe caw etes aoew ee eae eeu petwesods 
Light grayish-green, fine and even-grained, chloro-dioritie schist, with 
little seams of calcite...... ..eesecee Ss achatebiie ee re ee ree 


o to u, I find from south to north. 


Choritic schist [2357]. 
A fissile, lustrous, hard,dark-green slate, with cleavage apparently parallel 


with bedding. It suggests hydromicaceous slate and phyllite [2359]. 


The barrier rock of the fall could not be reached. The sharp ridge south of 


the basin is a dark, olive-green chloritic schist, with sparkling facets of 
quartz [2361]. Strike, N. 80° E., dip to the N. 60°. Contains a layer 
of massive, fine-grained, hard greenstone. ' 
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LOCAL DETAILS. Da 


In 1877, Prof. Pumpelly and myself examined the rocks at the 
Upper Twin Fall, embraced under Mr. Wright's description under 2 
to ce. 

The prevailing greenstong 18 crypto-crystalline, compact, hard, some- 
what brittle, ringing under the hammer and breaking into angalar 
forms (2562 to 2564]. Interealated slaty beds, four feet and less in 
thickness, striking S. 75° to 80° E., appear to mark the bedding. Tn 
places the greenstone is irregularly broken into polygonal masses, the 
minute fissures being filled with the slaty material, giving the rock a 
coarse, breeciated appearance. In other places it su-reests a concretion- 
ary or semi-nodular structure, The same phenomena can be seen on 
the shore of Lake Superior, in front of the Northwestern Iotel, Mar- 
quette. This slaty material may be simply a compacted form of the 
pulverized greenstone, produced at the time of fissuring. 

The full and interesting series of rocks mentioned above as oceur- 
ring at the Four Foot and Twin Falls, ean be traced by occasional out- 
erops about 34 miles east, and nearly twice that distance west from 
the river. Beyond this they cannot be followed, nor have I been able 
to make out with absolute certainty their sequence and place in the 
series. An inspection of the general map, in connection with what 
has been said above, will indicate my hypothesis that the whole series 
ascend from the clay-slate on the south, which belongs to the Middle 
Huronian, and may be bed XI, to the massive greenstone which is 
spread out to the north by a double fold occupying the belt to the 
Badwater Indian village, where it is supposed to pass under the chlo- 
ritic quartzite bed, XVIII, and is provisionally numbered XVII. 

5. Pine and Poplar rivers section. T. 35 N., It. 17 and 18 E. 

Description of Geological Section A-A. See Piate V. From 
the south, northeasterly, in descending order. 

Some distance to the right of this section on the Poplar river is: 
a. Acgrayish-black or very dark-green hornblendic gneiss, with dykes of 

granite. In seams are layers of mica, which are porphyritic with crys- 


tals of hornblende. Very heavy, highly crystalline, and feels rough to 
the touch. 


About one mile N. W. of the mouth of the Poplar is the follow- 
ing series: 


Thickness in feet. 
b. Dark-green, medium-grained, greenstone? schist, holding veins of feld- 


spar. Fifty steps east it is more hornblendic, if not a hornblende schist 150 


Covered eoeeeeeeoeese Cee 88 eeeseeeeeneeseecense @Ceeeeresceoeen Ceeeececoe eee 400 
c. Grayish-green greenstone? schist and coarse-grained hornblendic schist — 
a schistose variety of g...-...... Oe err” wees bow Roe dese as 150 


Covered eeocce Coeeevoeeererecasesesece eersece 2) tO 
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Thickness in feet. 
d. Hornbdlendice schist with calcite lamine, similar to f. A variety contains 
crystals of black mica [2204]....-.cccecccccccecccecscces ses a cisthe hie 200 
Covered inwscsiaivces ss sictela aa ctetatesiess is ete Si easteeneaes peed es re err 20 
e. Banded quartzose schist, the lamine from one-fourth to several inches 
thick, much broken up and giving the rock a brecciated appearance. 
The light gray, reddish, and yellowish layers, are arenaceous on weath- 
ered surface, and apparently jaspery within, and in places micaceous. 
The dark colored layers are mostly chloritic, being dark-green on fresh 
fracture. At another point the rock is a banded gray and yellowish 
cherty schist [2203]. One-quarter mile S. E. in direction of the strike, 
they become micaceous quartz schists ....cccccccsccsccccsccccevcsecs 150 
COVGRCU ¢s.s05' ites. tig scaeaeeeetiseweeegaeaaees eiheaeceaeee's dercewkie 20 
f. Finely banded, medium to dark precntic -gray, hornblende schist, with 
numerous lamine of calcite, the weathering out of which produces in 
places a corrugated weathered surface [2201] ........c. cece eee eee 100 
Covered ...cceseeees ‘dev scmisner seeaweesesu eens goamrewekes rere 80 
g. Blackish-green, very coarse-grained, massive, Jointed hornblende rock 
[2200]. In places it is finer-grained and of a greenish-gray color, sug- 


gesting greenstone.......06. a anes eT eT TT ee Tee ere eee 79 
Covered e@erceeesesen Coeeresesesersreeseneceece CoeeeneeSoeeevseeveses ee ee® 100 
h. Gray-green chlaro-dioritic schist ..cccccccseees seat drolecunw ew cers euecws ss 50 


Description of Geological Section B-B. See Pirate V. From 
south to north in descending order. 


No. of bed. Thickness in feet. 
XIX. #¢# Massive hornblendz rock (Wright), consisting of black hornblende 


and white quartz in about equal proportions [2218]. Herr 


Wapler calls this rock @ diorite........6 ceccececeecces biiate o0 
COVEREd i 5624-s eds Cie ht Renate eta oes ose leaeekewshewsees 800 

4.. Hornblende schist (2219 | esc essieess ashe wan dee se scawsne eades : 50 
COV ered sis escent sso Sas rte ober Suds teak ease Aoosak 400 

be DIOPnDlendic: SCNIUSl sce se kes ewes El ae Se werGeacwd saaeawveos 45 
COVErOd oie hae eae eee Geeta ee oreo eee wees 300 


l, Grayish-green, gneissic-looking rock, containing camels: which 
vary up to 34 inch in diameter, [2220]. In places suggests 


chloritic and again hornblendic schist..........-.sceeeeeeece 75 
COCered seeks ei ee eben eee Oi tae os ean uees 1150 
XVIII. m. Unctuous-feeling quartz schist, probably chloritic [2222] ....... 300 
COVETED esis ue swew eta ace ted ear stoi eces beaouaiee see 9C0 
Mr. Wright describes the outcrops n to q inclusive thus: 

XVII. 2. Micaceous feldspathic quartzose schist... .e.cseree Aisi GoSe ances t 
*  Chloro-hornblendic rock....+.. diacneelene Soneawata teres baer maak 50 
COVELOU iia. ua wis sete rae Save OES wkeda eed cubase She eee eeOdae 400 


o. Gray hornblendic schist, passing into: 
p. Light greenish-gray, massive hornblendic or quartz schist with 
hornblende crystals plainly visible on weathered surface, ren- 
dering it porphyritic, and containing some black mica. No. 
2234 has mica in minute lenticular parallel seams; several vari- 
CLCS WETE-ODSELVOU cw visas thks be ase tuesoekeeen scab iadee 1C0 


No Oo bed. 
g. 
XIV. or. 


LOCAL DETAILS. 


409 


Thickness tn feet, 


COCO ik oe bie Shoes eeesss @eseeeeoeeseonesn 20 e@eseoeeteeestses 


Semi-schistose, gray, micaceous quartzite with seams of hornblende 
+>? Ay 


oo ee os @eeeeeve seve td eoeeeseveeeeeeerteeneve ee 8 8 eenwsee ee 8a @ 


Massive gray micaccous feldspathic quartzite, The ledye as ex- 
posed for Ty mile west. (Subsequent observations prove that a 
broad KE. and W. belt of gray, compact gneiss, embracing out- 
crops to q inclusive, contain ng layers resembling greenstone, 
exists here; possibly locally folded, but undoubtedly the equiva- 
lents of the gneiss already desenbed as occurring near the head 
of the Biy Quinnesee rapids [2858 to 2847]. 

Covered. ...... Tee ee eee ee ee ee ee ee eee : 
About 4 miles east is a fine-grained, dark-green greenstone, 

Which probably belongs here in the section. 

Light to dark-gray, irregularly banded, conglomeritic quartz 
schist, sontaming micaceous iron and magnetite. In one place 
the rock wis a quartzite, with veins of white quartz. The 
White quartz pebbles vary up to the size of an egg, and are flat- 
tened, or have their longer axes in direction of the lamination. 
About 3y¢ miles east is a grayish specular conglomenitic schist, 
holding the same flattened pebules of white arenaceous quartz. 
The matrix appears to be quartz and micaceous iron [2224].... 


200 


100 


<00 


In 1873 I made out, just west of this section, the following very 
interesting series, from south to north, lying immediately north of, 
and, I suppose, under the quartzite: 


Quartzose conglomerate schist, containing mica [2320]. 
Garnetiferous ac'inolite schist (ehlozite) [2319]. 
Siliceous schist with hornblende [231%]. 

Hornhblende schist [217]. 

Pyritiferous, maqnetitic slate, containing biotite [2316]. 
Black hornblende schist [2814]. 


Description of Geological Section C-C. See Pirate V. From 


south to north, and, to gq at least, in descending order. 


No. of bed. 


AXVIIT. 


t. 


é. 


¢. 


x. 


Thickness in feet, 


At second fall. Gray quartz schist, varying to typical massive 
gray jointed quartzite. In places the schistose variety is faintly 
banded, containing mica [2231] ...-ccscvcecresccccccccesecs 

Unctuous feeling quartz-schist, graduating into a massive variety 

Covered. « desi anues ce seteueees eee rr eee eee ee 

Gneissic-looking schist, apparently chloritic [2252]. Forms bar- 
rier TOckok upper tallies cassie 524 esa wsiecewere dacs wvebwed cies 

COVGLeds oii saw vad a eases Ge gas scaled sewieaeseeneesaas stake 

Hornblende schist. Forms barrier rock of lower fall..........4. 

COVCRCds ss Gius oeagw naae sin setae vceae terete sedeatatts-scests 

Faintly banded, fine-grained, hornblende schist, containing cal- 


Clea se oie evened Oa Me WE OOS OE 556 CED OER APRS oes 


COV ORO iis ieee wale 6606 6065 oh o 6s ee SENS weeweeees ee easee 
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dd. 


ee. 


Sf. 


99. 


hh. 


GEOLOGY OF THE MENOMINEE REGION. 


Thickness in feet. 


Quartz and hornblende schist, interbedded..........00000. aiuions 
Covered......+.. aaa oie Matin Gu a eiaa ee athens see meet ans emareatrs 
Quartzose hornblendic schist. Across the river and a little below 

is a gray quartzose schist .......cceeseecen cececccccctesscs 
COVED ti weeessiutessa Reiatodweited saeseee rou ooucans 
Decomposed hornblendic schist, becoming more guartzose fifty 

Steps - Ow SULCUM atin renecisiey ne ma edo iawn waa ee 
Covered ..... sho Whine a dibeaenrnee eee eT er eee 
Grayish-black, fine-grained slaty hornblendic ? schist.....0... ei 


At the upper rapids of the first fall, probably just north of aa, is 
a hornblendic schist, with soft slaty lamine, which by weather- 
ing have left projecting the sharp ragged edges of hornblende. 
Twenty-five steps down stream is a banded arenaceous quartzose 
schist, sometimes slaty, 

Covered ....e06. Goleaed es er rr e era ere eer aageeeaadar Te 

First fall. The barrier rock is a dark greenish-gray to blackish, 
banded, obscure schist, somewhat gneissic, which has been 
called micaceous chloritic slaty-schist, and blackish-gray mica 
slate (2236, 2830]. Below, about 20 steps, the same rock has 
thin chloritic (?) laming, which are minutely corrugated like 


the mica schists........ cinsswesecde As Gilecana. ar etana ale tmeacdniahans Sas 
Covered. ....-eee sce Gey anGrumeneezed Beak iap ene oce siemens 
Blackish-green, soft, perfectly cleavable, chloro-argiliaceous slate, 
with numerous joints [2237]... ccc eeeeeecees acta aparece a eeats 


Underlying ce to the north, is a light olive-green, very coarse- 
grained, altered actinolite schist [2238], which in places was 
apparently undergoing alteration into chloritic schist........ ‘ 

Coverndcc. caincot soe snwwrin ease cea ener Se ee 

Banded, greenish and purplish hard ferruginous (magnetic) actin- 
olite schist [2210, 2241]. 

Banded ferruginous quartz schist, composed of lamine of mag- 
netic ore, and thicker ones of arenaceous white to yellow saccha- 
roidal quartz [2242]. 

This bed was traced by its magnetic attractions, which are broad 
and strong at the outcrop, E. 8. E. across the river, with dimin- 
ishing influence and narrowing zone, possibly produced by a 
sinking anticlinal. See below. The structural relations of this 
actinolite ore with the great quartz conglomerate which shows 
itself a short distance to the west, where it is overlaid on the 
south by clay slate, was not fully made out. It is believed to 
overlie it, belonging with the clay-slate. The magnetic actin- 
olite schist at this locality bears much ressmblance to that lying 
south of the quartzite in S. E. qr. of Sec. 25, T. 40, R. 17, and 
is probably the same horizon, that is to say, a part of the Com- 
monwealth ore bed, XV. 

Conglomerate, see r above. 

Covered. 

Hornblende gneiss [2803]. 

Covered. 

Chloritic (?) slate. 

Covered. 
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Rock Signs. 


TN Qarcrtzite 

a Warts, Schist 

Quartz Conglomerate 

Be Creenstone, ( Diorite, Diabase/ 
SSS Greenstone Schist & Kersantite 


’ Note Numbers attached to outcrops refer to specimens 
Froman numerals designate Huronian beds 
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ti. Mica achist, apparently chloritic [2259], similar to bb, but softer. 
Covered, 
JU. Chloro-argillaccoua alate, 

6. Commonwealth and Eazle Mine Rocks. Ts. 39 and 40 N,, 
Rs. 17 and 18 E., Wis. See Prare VI. 

[ have rarely found so small an area presenting so many outcrope 
and magnetic attractions, and occupied by so few and well character- 
ized rocks, the structure of which gave me sv much trouble as has 
the district about Lake Eliza, more especially to the N. and W. Our 
observations in IST4 proved entirely inadequate, and the greater part 
of the work in 1877 and 1878 was devoted to this troublesome ques- 
tion of the sequence and relative age of these rocks, which, I believe, 
is at last satisfactorily solved. The exposures of rock are detailed on 
Plate VI, the magnetic attractions on Plate VIT, and the generalized 
facts and hypothesis of structure on Plate VIII, a3 well as on both 
the Atlas Maps of the Menominee region. These rocks undoubtedly 
belong to the Upper Huronian, embracing the middle and lower por- 
tions. The extensive drift areas on the S., E., N. and W., completely 
isolate this district, forcing us to rely largely on lithological char- 
acters in establishing its equivalency. 

The questions involved are no less important economically than 
scientifically, since it concerns the western extension of the Common- 
wealth range as well as the significance of the numerous attractions 
W. from Lake Eliza. 

The oldest and most northeasterly rock in this series, bed XIV, is 
the great quartzite which covers one-half of Sees. 24 and 25, T. 40. 
R.17. Traced S. E., it disappears in the S. E. qr. of Sec. 31, T. 40, 
Rh. 18, where it sinks beneath the sapposed Commonwealth anticlinal. 
Northwestward it has been traced beyond Polar’s location, at the 
S. W. corner of See. 13. To the S. W., and overlying this bed, is 
the Commonwealth iron horizon in which elay-slate, graduating 
into carbonaceons and chloritie varieties, and often laminated with 
saccharoidal quartz, is the prevailing rock. Its position and exten- 
sion for 4 miles E. of Lake Eliza, is well-known. At the lake one 
wing makes a bend to the N. W., widening probably from folds. It 
occupies a broad area on Sees. 26, 25, 24, 23 and 14, beyond which 
nothing definite is known. 

Except some highly macnetic actinolite schist, which seems to divide 
this bed from the underlying quartzite, and which is best exposed at 
the center of the S. EF. qr. of See. 25, no decided indications of iron 
were scen, although rusty, partially decomposed slates were frequently 
observed. Since the Commonwealth deposit and rich, soft ores gen- 

Vou. TY. = 31 
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erally do not outcrop, the fact that merchantable ore was not seen has 
no especial significance. 

S. W. of the known localities where bed XV is exposed, is a flat 
belt without outcrops, which may be occupied by the soft uppermost 
members of the bed. 

We now arrive, in ascending order, at bed XVI, to which belongs 
most if not all of the strong magnetic attractions W. and N. W. of 
Lake Eliza. Where best exposed, on Secs. 35 and 36, it is made up 
of a thick stratum of clay-slate and argillaceous schist, possessing 
oblique cleavage, which graduates into hard varieties, suggesting apha- 
nitic greenstone. On both sides of this clay slate is the magnetic 
rock which, where observed, is an actinolite schist, altered in places 
to some oxide of iron; sometimes the black, which takes the form of 
the actinolite crystals through pseudo-morphism. The actinolite 
schists, rich in iron, possibly to the point of producing merchantable 
ores, near the quarter-post between Secs. 27 and 238, are believed to 
belong to the same bed, XVI. See Plate VIII. 

The few outcrops of greenstone, massive and schistose, found on 
the N. E. side of this magnetic range on Secs. 36 and 26, may belong 
with the actinolite schists, or to the overlying diorite bed XVII, in- 
volving a sharp fold in bed XVI, some indications of which were to 
be seen. . 

It seems probable that nearly all the massive diorites and associated 
hornblende rocks for several miles belong to one considerably plicated 
bed, XVII. The facts supporting this hypothesis will be seen by ex- 
amination ot Plates Vland VIII. The hornblende character of this 
bed is very pronounced, and the rock is undoubtedly a true diorite, 
which rock can be studied to excellent advantage here. At several 
points various amphibolic, micaceons, chloritic and argillaceous schists, 
associated with or graduating into massive varieties, were observed, 
which belonged to this bed and apparently to its upper portion. 

Immediately overlying and graduating into the softer argillaceous 
and chloritic layers just named, is a thin bed of carbonaceous shale, 
sometimes graphitic, in which there are quartz veins. This rock is 
best exposed in a N. W.-S. E. line passing near the corner of Secs. 
27 and 35. 

Next above, and forming the youngest member of the Lake Eliza 
series, is the actinolite schist bed, XVIII,’ which forms an irregular 


1On Plate VIII, a second hypothetical section is given, marked “possible folds,” 
which makes the carbonaceous shale belong to bed XV, and this great actinolite schist 
bed the equivalent of XVI. Some facts strongly support this hypothesis, but the bal- 
ance of the evidence js in favor of the assumed structure. 


ec 


WISCONSIN GEOLOGICAL SURVEY 


| ee | PLATE VIL Signs for local Magnetic Attraction 
| e . ) | | duc to Magnetite. 
PLAN VII | hiariation in eh of, i 
a Ne Py ‘ ‘ ) ° No local attraction any Kite ,’ 
MAGNETIC CHART | ; ) ae Wight dip less than about 20 hy 
a o ? ~ ee 0 0 a ery, YP? | Moderate dip, fiom about 20 to4” S 
District Woot L Mouth 2 : Note. No local magnette attractions of significance have been observed’ (ompass\ Strong dip, from about 43 to 90- : Oo 
totais wt aud Yoerth 3} North and last to the Michigan line, excepn in See. 2?, 1.39 7219. See Hore than 90, indicating observer ts north of ore, Oo 
ot ts | ° General Map, and also US. Plats Ste th TIS, POG and See 2d, VSR, Py th ¢ ditvetion of the arrow z 
COMMONWEALTH MINE ‘ 930 5 | DA, F % the South the first are along the great guartatte range (AN? north ae Variation West | TO eee en ae pa »* 
7 - | of Pine River See general Map and Plate Ki Westerti Mey are more in Compass: Neccle Tet pais ee lhe heats i even sad { 
Mustrating "VU. Brooks Report . ; . ¥ (Mp indicating usually that local magnet ts sow Fares 
a as common See general Map and Mis Wrights Report. observer 
\A79, ) a . * Intensity of local magnetic force as CERI ORM eee 
: ae i ) 7 EAGLE MINE indicated by the number of vibrations of the nt 4 
er eran eared Wren wenra rere ° 0 o. 8 ° oO} | | in 13 seconds, 
\ wey | | ! Normal intensity to be observed for cach Comprass, oo 
Mer geological facts see accampanying . O. ! Greater than normal tatensity, usually indicating & 
Means Vl ane Vat . o that the observer is south of the ore. 
‘ : : ° , t Nach Greater 7 + , . 
b ; toe es B 6 6 Q; 3 4 mati oat a = ae | ; : o ; 6 5 Babs, hess’ than normal mitenstty; usually midicaung 
) 9 ° v4. that the observer is north of the ore. 
, Mach less. 5 7 
, 6 a ra) o 0 a o ‘o 9 0 Line of locad magnette InfLUCHCe, ve ee 
| ra ) Points of masini Uf Men’, : 
. 6 ; o 0 : . } 
O ) ° e ° ° ? 4 MM the phenomena of the locally: attracted needle 
é ° a ° | ) are modified ty the casmicad “force which acts 
x F O 6 0] - ; 6 0: unifornidy, ne directing he nee le with considerat 
t § 0 6 ° 6 force to the norte | , 
=) : 7 aa. a x oy . Ps or ° | ‘ > Nagnettc tron ore 8 he Cal se all the ats 
*s \ aid ¢ oe0 YP 20o o° 0 90 ra) aed 0; 50, © Lon - here indicated, but its quantity and quali 
», ; ; ' a a 0 | ° ° only be made known by diqqgiia, It ts 
MST ft se Se t St totter tot | ‘ ; ; ‘ to be mastly, without economic value 
“O% ‘ y ) 
"% I 0 a Aa & m.) ’ ° o a 
4 Fah 2 é ; fet w 
; ay ° : ° 0 S o 
, 6 e a3 | 
‘ 98°69 9 |, So 9) (e) az 4, ) 0 
o > 2) 0 3 
4 a 
t Ts a 0 0% fd 
, ; Oo ‘% oO 0 o 
A 9 i oO « @) 8 o 
. rs] Pa re) Oo 8 to o 
t o ng ‘9° . 
Mis 8 . ” F | 
*y0 ‘ : : ; ‘ : ' 
34, erie Fe 35 eo ea 4 AN ys 33 } oe 
: ’ “0 ° © ae | . ; COMMONWEALTH MINE *  ° 
0 ° ; 
o » ns o r uv 
: 0 ” oO ° > a 6 eo » P Pa ° o o f c 
4 é 9 a \ o ] ° o ° \ \ 
9 S >, 0 oO o 0 
a » ¥ ws ° \ © - ° ° > 
o ° ° 9 . e A.N 84 t " 4 
. io 8 ee 6 ° =, ° o ° df e 0 o 
° 9 ie) 9 Q ©. oF 0 J . ° © ” oS 9 ° Oo Re oe * o o ] ° 6 = ° 
Tee Mivravens Lore Aieus (ns vw 


Digitized by Google 


sd 


LOCAL DETAILS. 483 


eynclinal basin extending, eo far as exposures enable us to determine 
from the S. quarter-post of See. 35 to the N. quarter-post of See. 34° 

- This rock differs from the actinolite schist of bed XVI, in being more 
typical, usually less ferruginous, and in the absence of clay-slate as an 
associated rock, A peculiar variety containing contorted and broken 
laminw of quartz, sometimes a breccia in Appearance, characterizes this 
bed, and may mark its upper portion. 

No exposures of rock are found between this actinolite schist and 
the Dine river, save an onterop of magnetic actinolite schist, near the 
center of the W. half of See. 2, T. 39, 2.17 EL, which has some echar- 
actersin common with the rocks of bed XVI, and less with XVIII. 

In the N. W. bluff of Pine river, at the elbow, are large exposures 
ofa very soft, reddish-gray, nnctuous-fecling slate, which splits into 
long, slender prisms of rhomboidal section [2731-3]. It is a hydro- 
micaceous rock, probably sericite. A related rock was found in test- 
pits three-fourths of a mile east of the Commonwealth, to which series 
it may belong. 

The above sketch of the general character, distribution and sequence 
of the Lake Eliza rocks, taken in connection with the plates and maps, 
will, it is believed, be sufficient for all who are not especially interested 
in the minute details, especially as to lithological character. For the 
benefit of such, the fullowing descriptions of sections are given; the 
one east and the one west of the lake. They were located on the re- 
sults of work in 1874, before the Commonwealth mine was discovered. 
On present infurmation, it would have been better to pass one through 
the mine, that is, farther east, and the other farther west. 

Description of Geological Section A-A’. See Prats VI. 

a. Brown to grayish-green, banded, actinolite schist, in places 
magnetic and occasionally siliceous. Leavy bed, striking W. N. W., 
in which direction it can be followed one-half mile. Dips high to south 
[2676-9]. At 175 steps N., and 1175 W. of the S. E. corner of 
See. 35, T. 40, It. 17, is an obscure brown variety, mottled 
and weathered, splitting irregularly, and highly contorted, indi- 
eating unmistakably the presence of a fold [2682-3]. About 
700 steps N., the same rock again appears. Just E. and S. 
of the S. quarter post of Sec. 27 [2705], as well as at sev- 
eral points in the S. E. qr. of section, and near the W. quarter post of 
Sec. 35 [2685-92], are large exposures of a highly contorted, banded 
actinolite and quartz schist, which often presents a brecciated appear- 
ance from the breaking up of the quartz layers.'| It is an interest- 


1See my Mich. Geol. Report, 1873, Vol. II, p. 285. 
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ing fact that this variety, ¢. ¢. holding saccharoidal quartz lamine, 18 
always highly contorted. It belongs undoubtedly to the great actino- 
lite schist bed (XVIIT), which our hypothesis of structure (Plate 
VIII) makes a synclinal. It presents a great range in variety from 
the presence of accidental minerals and weathering, which can be 
advantageously studied in the north part of Sec. 34 and south part 
of Sec. 27 [2693-2712]. 

a’. Immediately south of the range of actinolite schist, and near 
the line of the section, is an amphibole schist [2653], the structural 
relations of which with.a are not made out. 

a. On the north side of the actinolite schist, and therefore, as we 
suppose, older, is a beautiful and rare variety of mzca schist, asso- 
ciated with weathered pyritiferous clay-slate and chloritic schist 

[2649-52]. West and north, and probabiy in the same horizon, is the 
graphitic (carbonaceous) schist [2664]. An identical rock, occupying 
the same stratigraphical position, occurs in a N. W.-S. E. bed of con- 
siderable thickness, passing near the corner of Secs. 27-35 [2662-5], 
associated with soft slates and holding narrow veins of white quartz. 
The rock seems identical with the carbonaceous shale of the Common- 
wealth range, and may belong to the same bed, which is possible with 
the structure shown on the second section of Plate VIII. I have, 
however, here regarded it as younger, and placed it, provisionally, as 
the upper member of the underlying great greenstone bed AVII, to 
which it may be supposed to be connected through its associated soft 
slates, but to which bed, on the whole, it has little affinity. 

6. This outcrop is a fair example of the transitions and associations 
of greenstones with hornblendic and mica schists. The following 
varieties were observed: hornblende schist, containing biotite, 
chloritic in appearance [2638]; fissile mica schist [2639]; micaceous 
greenstone |2640]; micaceons diorite [2641]; micaceous greenstone 
schist [2642]. It will beobserved that these rocks have some resem- 
blance toa”, but it is believed they are associated schistose and altered 
varieties of the great greenstone bed XVII? so extensively developed 
to the N. and E., as well as on Sec. 27. 

Closely related schists occupying the same stratigraphical position 
occur on See. 27, 300 steps N. of 8S. E. corner [2656-8]. 

ce.to fi On the E. 4 of Sec. 35 and S. $ of Sec. 36 are numerous 
exposures of a dark-colored, coarse-grained, massive to schistose rock 
related to the greenstones, presenting an usually large number of va- 
rieties, which may be said to lie between black, coarse-grained horn- 
blende rocks on one side, chloro-micaceous, and related schists on 
another, with true diorites for the third side. The massive green- 
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another, with true diorites for the third side. The massive green- 
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stones and associated schists on See. 27 [2674 05) are believed to 
belong to the same bed, as will be seen on Plate VII, which gives 
hypothesis of structure. The micaceous, chloritic, and argillaccous 
schists, and perhaps the carbonaceous schist, associated with green- 
stone schist described under 4, constitute the upper portion of this bed. 
The lower portion 1s made up of the more massive varieties, in which, 
however, semi-schistose beds appear. It is only necessary to mention 
the prevailing varieties: diorite (2611-13, 2643, 3575--7); greenstone 
schist (2621, ZO25, 2628, 3381}; hornblende rock (2622, 2624]; mica- 
eeous diorite [2641]; pyritiferous divrite (2656); mieaceous dia- 
base [2620], 

Next N. E. of, and underlying the great diorite bed, is an interest- 
ing stratum of alternating members of magnetre actinolite gchist, 
having obliqne cleavage and graduating into hard arg/llaceous schist 
and perhaps obseure greenstone echists, This attords a highly mag- 
netic belt, which ean be traced by outerops shown on Plate VI, and 
inaenetie attractions on Plate VII, from the center of the S. half of 
Lake Eliza N. W. to near the center of Sec. 26. What is believed to 
be the same bed appears ayvain near the W. quarter post of See. 27, 
where it is supposed to form an anticlinal sinking to the S. E. See 
Plate VIII. 

g. Passing to details we find at outerop g, Sec. A-A, light-brown, 
mavnetic friable varieties of actenolite schist (2595-61; others banded 
and ochrey [2597]; in some instanoes the crystals are quite large 

2508]. On Wakefield’s road, near the N. quarter post of Sec. 35, 
are indentical and related varieties, one being hematite-red, exposed 
on both sides of the clay-slates [2U00-2, 2560-3]. The most highly 
ferruginous variety, constituting perhaps a merchantable ore, was 
seen just N. of the W. quarter-post of Sec. 27 in a test-pit. The red 
oxide of iron had here almost entirely replaced the actinolite, retain- 
ing, however, the form of its crystals [3394]. The prospects for 
merchantable ores in this bed will be considered in the accompanying 
economic report of Mr. Wright. I would, however, remark that this 
is a totally different ore in origin and appearance from either the 
Commonwealth-Eagle or Breen—Quinnesec ranges, and is found ina 
younger horizon. Negarding the argillaceous and apparently middle 
member of this bed, it is interesting as presenting everywhere a true 
cleavage! which is constant in strke and dip, 2. ¢., N. 80° W., and nearly 
vertical, and varying from a coarse and imperfectly fissile slate 
[2564-75] laminated with quartz, to a hard, semi-schistose, ringing 


1See remarks on cleavage in Chap. III, under Clay Slate. 
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rock [2583-7], which seems more like aphanitic greenstone than any 
form of argillite. The best point to study the slate as to its varieties: 
and structure, is just N. W. of the outlet of Lake Eliza, where the 
bedding planes are highly contorted and quartz lamin abound 
[2564-8]. 7 

a. Bordering this magnetic belt on the N. E., and perhaps belong- 
ing to it, are several outcrops of greenstone and related schist 
[2549-54], which may possibly be the lowest member of bed XVII, 
with which this rock has lithological affinities, brought there by a 
sharp fold. 

Passing a belt of low, flat country without outcrops, but supposed 
to be underlaid by the uppermost soft slates of bed XVI, we arrive at 
the Commonwealth range, here composed, so far as could be judged 
from the few exposures, of soft argillaceous and chloritic slates, gener- 
ally more or less carbonaceous. Some varicties of the latter rock are 
very light, jet black, exceedingly soft and homogenous slates, evidently 
highly charged with carbon [8410]. The graphitic varieties are quite 
common, are usually harder, more schistose, and sometimes porous 
[2196]. True fissure veins filled with quartz showing the comb struc- 
ture, have been more frequently observed in this rock than in any 
other [8409]. 

The identity of this rock with that described under a” and its 
possible equivalency, has been pointed out. The effect of weathering 
on this soft rock has nearly always covered it with soil, and it is only 
by thorough search under the roots of fallen trees, aided by a few test- 
pits, that we are brought to believe that it constitutes a broad belt N. 
and W. of Lake Eliza, limited on the E. by the quartzite. 

Easterly from the lake, on the Commonwealth range proper, and 
especially along the face of the bluff which forms the south side of 
the range, exposures are more numerous, especially in the banks of 
the rivulets. Here, about one-quarter of a mile S. W. of the Com- 
monwealth mine, the so-called “plumbago mine” has been opened. 
The same associations of clay and chloritic slates, in great variety and 
insensibly graduating into each other, occur (2185, 2369, 2404-5]. 
Highly altered, mottled, porous varieties are geen in test-pits on the 
east side of Sec. 34 [8452-62], and identical altered varieties along the 
north line of Sec. 25, T. 40, R. 17 [8411-22]. Hard, black varieties, 


1° Paint mine” and bog-ores. — The rusty, weathered, porous character, apparently 
caused by the decomposition of iron pyrites, of the soft schists of this bed, has already 
been mentioned. Although belonging to Mr. Wright's Economic Report, it is proper 
here to suggest the probable bearing of this fact on the origin of the brown ferruginous 
conglomerates cemented by iron-oxide, which can be best seen at Mr. Keyes’ paint 
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with ochrey quartz and chloritic beds, occur at Pumpelly’s hill, at N. 
qr. post, See. 6, Toots ne 15. 

Ferrnginous argillaccous or chluritic schists are abundant N. of 
“See. 32”? mine. 

The alternating beds of banded ferruginons quartz schists (flag-ores), 
suft iron-stained argillaceous and chloritic schists, and especially the 
characteristic layers of white, ochrey, saccharoidal quartz, banded with 
carbonaceous slate, which characterize the Commonwealth [8463-9] 
and Eagle (2152-4, 3277-S0] mine series, together with the assoolated 
ores, will be fully considered in Mr, Wright’s economic chapter.' 

yj, Teturning to the line of our section we find } mile N. of lake 
Eliza at the base of bed AV, magnetic actenolite schista, interlami- 
nated with thick and thin layers of white quartz and containing a 
layer two inches thick of quite pure, black, magnetic ore [2186], which 
gave 49 per cent. of metallie iron. This passes north into an irreg- 
ularly banded schist, gray, brown, and black laminw of arenaceous 
quartz, magnetite and actinolite schist, in places contorted [3405-7]. 
Next to the north is seen a brown, hard, magnetie, slaty schist, with 
iron-rust in seams, which gives a dark graphitic streak. 

hk. Northeasterly of the slate (Commonwealth rocks) and under- 
lying them, is the quartzite bed XIV, which, near this section, forms 
the highest hills in the vicinity. The following varieties are 
exposed, from south to north: 

Coarse-grained quartz-schist, holding white reddish and blue grains 
of quartz. 

Quartzose chluritic-sch ist, resembling novaculite, but coarser. 

Quartzite, massive to schistose. 

Chloro-quartz-schist, colored red on splitting planes. 

Ifoney-yellow to purplish-red guartz-schist. 

Light-gray, faintly banded, massive to schistose, quartzite, with a 
distinct N. E. dip of 78° in the splitting planes. ILere is a strong 
attraction and a local magnetic variation of 70° W. 

Light-gray, faintly banded, qguartz-schist. 

Grayish-white guartz-schisty dip of splitting planes 85° 8S. 

Two more beds of same variety. 


mine,’’ near the center of Sec. 25, but which occur at several other points in the neigh- 
borhood. They are apparently forme] by the cementing and ferrification of the soil, 
roots, etc., together with the underlying sub-soil, by the iron-oxide released by the sup- 
posed decomposition of the pyrite3. No true bog-ores were observed, but they will 
probably be found by exploring in the swamps. 

1 He has already given a preliminary description and sketch of the Commenwealth 
mine in the Annual Report of 1377. 
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Thickness in feet. 
Quartz and hornblende schist, interbedded........2.. Geese 50 
Covered......... ee rer Cee ee re 409 
Quartzose hornblendic schist. Across the river and a little below 
is a gray quartzose schist .......ccececesee scccscccccececes 100 
COVERCH is ctr sd ses wie eet veaadayeeewe anatase eae eaweweee 300 
Decomposed hornblendic schist, becoming more guartzose fifty 
steps: COwli StKeanl ie etwswserewdeelesnet ete cadaticnteras cas 100 
Covered ..... ad Wtaebigee meewes sivevele eats St ere eee 200 
Grayish-black, fine-grained slaty hornblendic ? schist.....e.s0e 100 
At the upper rapids of the first fall, probably just north of aa, is 
a hornblendic schist, with soft slaty lamina, which by weather- 
ing have left projecting the sharp ragged edges of hornblende. 
Twenty-five steps down stream is a banded arenaceous quartzose 
schist, sometimes slaty, 
Covered ssccaecseerwesen Re ee ee ee ee seeieies oe 300 
First fall. The barrier rock is a dark greenish-gray to blackish, 
banded, obscure schist, somewhat gneissic, which has been 
called micaceous chloritie slaty-schist, and blackish-gray mica 
slate (2236, 2830]. Below, about 20 steps, the same rock has 
thin chloritic (?) lamine, which are minutely corrugated like 
the mica schists.....csccccesecascees svauisehareiale eecetoin ee wlerae nee 200 
Covered jousss0g6 ieee wien erwesd wees ews Seeawioes itnsble Dotee rds 100 
Blackish-green, soft, perfectly cleavable, chloro-argiliaceous slate, 
with numerous joints [2237]... ..eeseeees Jeane eer siateoa ea calat 
Underlying cc to the north, is a light olive-green, very coarse- 
grained, altered actinolite schist [2238], which in places was 
apparently undergoing alteration into chloritic schist......... 100 
Covered iso Glaser waeans eke eine dies Aeiida wasn gion es 8C0 


Banded, greenish and purplish hard ferruginous (magnetic) actin- 
olite schist [2240, 2241]. 

Banded ferruginous quartz schist, composed of lamin of mag- 
netic ore, and thicker ones of arenaceous white to yellow saccha- 
roidal quartz [2242]. 

This bed was traced by its magnetic attractions, which are broad 
and strong at the outcrop, E. 8S. E. across the river, with dimin- 
ishing influence and narrowing zone, possibly produced by a 
sinking anticlinal. See below. The structural relations of this 
actinolite ore with the great quartz conglomerate which shows 
itself a short distance to the west, where it 1s overlaid on the 
south by clay slate, was not fully made out. It is believed to 
overlie it, belonging with the clay-slate. The magnetic actin- 
olite schist at this locality bears much resemblance to that lying 
south of the quartzite in 8. BE. qr. of Sec. 25, T. 40, R. 17, and 
is probably the same horizon, that is to say, a part of the Com- 
monwealth ore bed, XV. 

Conglomerate, see r above. 

Covered. 

Hornblende gneiss [2809]. 

Covered. 

Chloritic (?) slate. 

Covered. 
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ti. Mica achist, apparently chloritic (2259), similar to bb, bat softer. 
Covered, 
Ji. Chloro-argillaceoua alate, 


6. Commonwealth and Easle Mine Rocks. Ts. 39 and 40 .N., 
Rs. 17 and 18 F., Wis. Sce Prare VI. 

I have rarely found so small an area presenting 60 many outerope 
and magnetic attractions, and occupied by so few and well character- 
ized rucks, the structure of which gave me sv much trouble as haa 
the district about Lake Eliza, more especially to the N. and W. Our 
observations in IN74 proved entirely inadequate, and the greater part 
of the work in 1877 and 1878 was devoted to this troublesome ques- 
tion of the sequence and relative age of these rucks, which, I believe, 
is at last satisfactorily solved. The exposures of rock are detailed on 
Plate VI, the magnetic attractions on Plate VIT, and the generalized 
facts and hypothesis of structure on Plate VIII, as well as on both 
the Atlas Maps of the Menominee region. These rocks undoubtedly 
belong to the Upper JIuronian, embracing the middle and lower por- 
tions, The extensive drift areas on the S., E., N. and W., completely 
isolate this district, furcing us to rely largely on lithological char. 
acters in establishing its equivalency. 

The questions involved are no less important economically than 
scientifically, since it concerns the western extension of the Common- 
wealth range as well as the significance of the numerous attractions 
W. from Lake Eliza. 

The oldest and most northeasterly rock in this series, bed XIV, is 
the great quartzite which covers one-half of Secs. 24 and 25, T. 40. 
R17. Traced S. E., it disappears in the S. E. qr. of See. 31, T. 40, 
R. 18, where it sinks beneath the supposed Commonwealth anticlinal. 
Northwestward it has been traced bevond Polar’s location, at the 
S. W. corner of See. 13. To the S. W., and overlying this bed, is 
the Commonwealth iron horizon in which clay-slate, graduating 
into carbonaceous and chloritie varieties, and often laminated with 
saccharoidal quartz, is the prevailing rock. Its position and exten- 
sion for 4 miles E. of Lake Eliza, is well-known. At the lake one 
wing makes a bend to the N. W., widening probably from folds. It 
occupies a broad area on Sees. 26, 25, 24, 23 and 14, beyond which 
nothing definite is known. 

Except some highly magnetic actinolite schist, which seems to divide 
this bed from the underlying quartzite, and which is best exposed at 
the center of the S. E. qr. of See. 25, no decided indications of iron 
were seen, although rusty, partially decomposed slates were frequently 
observed. Since the Commonwealth deposit and rich, soft ores gen- 

Vou. WT. — 31 
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erally do not outcrop, the fact that merchantable ore was not seen has 
no especial significance. 

S. W. of the known localities where bed XV is exposed, is a flat 
belt without outcrops, which may be occupied by the soft uppermost 
members of the bed. | 

We now arrive, in ascending order, at bed XVI, to which belongs 
most if not all of the strong magnetic attractions W. and N. W. of 
Lake Eliza. Where best exposed, on Secs. 35 and 36, it is made up 
of a thick stratum of clay-slate and argillaceous schist, possessing 
oblique cleavage, which graduates into hard varieties, suggesting apha- 
nitic greenstone. On both sides of this clay slate is the magnetic 
rock which, where observed, is an actinolite schist, altered in places 
to some oxide of iron; sometimes the black, which takes the form of 
the actinolite crystals through psendo-morphism. The actinolite 
schists, rich in iron, possibly to the point of producing merchantable 
ores, near the quarter-post between Secs. 27 and 28, are believed to 
belong to the same bed, XVI. See Plate VIII. 

The few outcrops of greenstone, massive and schistose, found on 
the N. E. side of this magnetic range on Secs. 36 and 26, may belong 
with the actinolite schists, or to the overlying diorite bed A VII, in- 
volving a sharp fold in bed XVI, some indications of which were to 
be seen. | 

It seems probable that nearly all the massive dzorites and associated 
hornblende rocks for several miles belong to one considerably plicated 
bed, XVII. The facts supporting this hypothesis will be seen by ex- 
amination of Plates VIand VIIL. The hornblende character of this 
bed is very pronounced, and the rock is undoubtedly a true diorite, 
which rock can be studied to excellent advantage here. At several 
points various amphibolic, micaceous, chloritic and argillaceous schists, 
associated with or graduating into massive varicties, were observed, 
which belonged to this bed and apparently to its upper portion. 

Immediately overlying and graduating into the softer argillaceons 
and chloritic layers just named, is a thin bed of carbonaceous shale, 
sometimes graphitic, in which there are quartz veins. This rock is 
best exposed in a N. W.-S. E. line passing near the corner of Secs. 
27 and 35. 

Next above, and forming the youngest member of the Lake Eliza 
series, is the actinolite schist bed, XVIII,! which forms an irregular 


™On Plate VIII, a second hypothetical section is given, marked “ possible folds,” 
which makes the carbonaceous shale belong to bed XV, and this great actinolite schist 
bed the equivalent of XVI. Some facts strongly support this hypothesis, but the bal- 
ance of the evidence is in favor of the assumed structure. 
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syiiclinal basin extending, so far as exposures enable us to determine 
from the S. quarter-post of See, 35 to the N. quarter-post of See. 34° 
This rock differs from the actinolite schist of bed XVI, in being more 
typieal, usually less ferruginous, and in the absence of clay-slate as an 
associated rock. A peculiar variety containing contorted and broken 
lamin of quartz, sometimes a breecia in Appearance, characterizes this 
bed, and may mark its upper portion. 

No exposures of rock are fuund between this actinolite schist and 
the Pine river, save an outerop of magnetic actinolite schist, near the 
center of the W. half of See. 2, T. 39, 2.17 E., which has some char- 
acters in common with the rocks of bed XVI, and less with XVIII. 

In the N. W. bluff of Pine river, at the elbow, are large exposures 
ofa very soft, reddish-gray, nnctuous-fecling slate, which splits into 
long, slender prisms of rhomboidal section [2731-3]. It is a hydro- 
micaccous rock, probably sericite. A related rock was found in test- 
pits three-fourths of a mile east of the Commonwealth, to which series 
it may belong. 

The above sketch of the general character, distribution and sequence 
of the Lake Eliza rocks, taken in connection with the plates and maps, 
will, it is believed, be suflicient for all who are not especially interested 
in the minute details, especially as to lithological character. For the 
benefit of such, the fullowing descriptions of sections are given; the 
one east and the one west of the lake. They were located on the re- 
sults of work in 1874, before the Commonwealth mine was discovered. 
On present information, it would have been better to pass one through 
the mine, that is, farther east, and the other farther west. 

Description of Geological Section A-A'. See Prarr VI, 

a. Brown to grayish-green, banded, actinolite schist, in places 
inagnetic and occasionally siliceous. ILeavy bed, striking W. N. W., 
in which direction it can be followed one-half mile. Dips high to south 
[2676-9]. At 175 steps N., and 1175 W. of the S. E. corner of 
See. 35, T. 40, I. 17, is an obscure brown variety, mottled 
and weathered, splitting irregularly, and highly contorted, indi- 
eating unmistakably the presence of a fold [2682-3]. About 
700 steps N., the same rock again appears. Just E. and S. 
of the S. quarter post of Sec. 27 [2705], as well as at sev- 
eral puints in the S. E. qr. of section, and near the W. quarter post of 
Sec. 35 [2683-92], are large exposures of a highly contorted, banded 
actinolite and quartz schist, which often presents a brecciated appear- 
ance from the breaking up of the quartz layers.! It is an interest- 


1See my Mich. Geol. Report, 1873, Vol. II, p. 285. 
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ing fact that this variety, 7. e., holding saccharoidal quartz lamina, is 

always highly contorted. It belongs undoubtedly to the great actino- 

lite schist bed (XVIII), which our hypothesis of structure (Plate 

VIII) makes a synclinal. It presents a great range in variety from 

the presence of accidental minerals and weathering, which can be 

advantageously studied in the north part of Sec. 3£ and south part 

of Sec. 27 [2693-2712]. 

a’. Immediately south of the range of actinolite schist, and near 
the line of the section, is an amphibole schist [2653], the structural 
relations of which with.@ are not made out. 

a. On the north side of the actinolite schist, and therefore, as we 
suppose, older, is a beautiful and rare variety of mca schist, asso- 
ciated with weathered pyritiferous clay-slate and chloritic schist 

[2649-52]. West and north, and probabiy in the same horizon, is the 
graphitic (carbonaceous) schist [2664]. An identical rock, occupying 
the same stratigraphical position, occurs in a N. W.-S. E. bed of con- | 
siderable thickness, passing near the corner of Secs. 27-35 [2662-5], 
associated with soft slates and holding narrow veins of white quartz. 
The rock seems identical with the carbonaceous shale of the Common- 
wealth range, and may belong to the same bed, which is possible with 
the structure shown on the second section of Plate VIII. I have, 
however, here regarded it as younger, and placed it, provisionally, as 
the upper member of the underlying great greenstone bed XVII, to 
which it may be supposed to be connected through its associated soft 
slates, but to which bed, on the whole, it has little affinity. 

6. This outcrop is a fair example of the transitions and associations 
of greenstones with hornblendic and mica schists. The following 
varieties were observed: hornblende schist, containing biotite, 
chloritic in appearance [2638]; fissile mica schist [2639]; micaceous 
greenstone |2640]; micaceons diorite [2641]; micaceous greenstone 
schist [2642]. It will beobserved that these rocks have some resem- 
blance toa”, but it is believed they are associated schistose and altered 
varieties of the great greenstone bed XVII? so extensively developed 
to the N. and E., as well as on Sec. 27. 

Closely related schists occupying the same stratigraphical position 
occur on Sec. 27, 300 steps N. of S. E. corner [2656-8]. 

e. to f. On the E. $ of Sec. 35 and S. $ of Sec. 36 are numerous 
exposures of a dark-colored, coarse-grained, massive to schistose rock 
related to the greenstones, presenting an usually large number of va- 
rieties, Which may be said to lie between black, coarse-grained horn- 
blende rocks on one side, chloro-micaceous, and related schists on 
another, with true diorites for the third side. The massive green- 
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another, with true diorites for the third side. The massive green- 
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stones and associated schists on See. 27 [2674 95) are believed to 
belong to the same bed, as will ba seen on Plate VITT, whieh gives 
hypothesis of structure. The mieaeeous, chloritic, and argillaceous 
schists, and perhaps the carbonaceous schist, associated with green- 
stone schist described under 4, constitute the upper portion of this bed. 
The lower portion ts made up of the more massive varieties, in which, 
however, semi-schistose beds appear. It is only necessary to mention 
the prevailing varieties: diorite (ZO1L-13, 2043, 3575-7); greenstone 
schist (2621, 2625, 2628, 3381]3 hornblende rock (2622, 2624]; mica- 
ceous diorite [26-41]; pyritiferous diorite (2656); micaceous dia- 
base (2620), 

Next N. E. of, and underlying the great diorite bed, is an interest- 
ing stratum of alternating members of magnetre actinolite schist, 
having obliqne cleavage and graduating into hard argllaceous schist 
and perhaps ebseure greenstone echists, This attords a highly mag- 
netie belt, which can be traced by outerops shown on Plate VI, and 
Inacnetie attractions on Plate VII, from the center of the S. half of 
Lake Eliza N. W. to near the center of See. 26. What is believed to 
be the same bed appears avain near the W. quarter post of See. 27, 
where it is supposed to furm an anticlinal sinking to the S. E. See 
Plate VIIT. 

g. Passing to details we find at outerop g, See. A-A, light-brown, 
maynetic friable varieties of actinolite schist [2505-6]; others banded 


a? 
and ochrey [2597]; in some instanoes the erystals are quite large 


2508]. On Waketield’s road, near the N. quarter post of See. 35, 
are indentical and related varieties, one being hematite-red, exposed 
on both sides of the clay-slates [2000-2, 256u-3]. The most highly 
ferruginous variety, constituting perhaps a merchantable ore, was 
seen just N. of the W. quarter-post of See. 27 in a test-pit. The red 
oxide of iron had here almost entirely replaced the actinolite, retain- 
ing, however, the form of its crystals [3394]. The prospects for 
merchantable ores in this bed will be considered in the accompanying 
economic report of Mr. Wright. I would, however, remark that this 
is a totally different ore in origin and appearance from either the 
Commonwealth-Eagle or Breen—Quinnesee ranges, and is found in a 
younger horizon. Itegarding the argillaceous and apparently middle 
member of this bed, it is interesting as presenting everywhere a true 
cleavage! which is constant in strke and dip, 2. e., N. 80° W., and nearly 
vertical, and varying from a coarse and imperfectly fissile slate 
[2564-75] laminated with quartz, to a hard, semi-schistose, ringing 


1See remarks on cleavage in Chap. III, under Clay Slate. 
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rock [2583-7], which seems more like aphanitic greenstone than any 
form of argillite. The best point to study the slate as to its varieties 
and structure, is just N. W. of the outlet of Lake Eliza, where the 
bedding planes are highly contorted and quartz lamine abound 
[2564-8]. 

a. Bordering this magnetic belt on the N. E., and perhaps belong- 
ing to it, are several outcrops of greenstone and related schist 
[2549-54], which may possibly be the lowest member of bed XVII, 
with which this rock has lithological affinities, brought there by a 
sharp fold. 

Passing a belt of low, flat country without outcrops, but supposed 
to be underlaid by the uppermost soft slates of bed XVI, we arrive at 
the Commonwealth range, here composed, so far as could be judged 
from the few exposures, of soft argillaceous and chloritic slates, gener- 
ally more or less carbonaceous. Some varieties of the latter rock are 
very light, jet black, exceedingly soft and homogenous slates, evidently 
highly charged with carbon [3410]. The graphitic varieties are quite 
common, are usually harder, more schistose, and sometimes porous 
[2196]. True fissure veins filled with quartz showing the comb struc- 
ture, have been more frequently observed in this rock than in any 
other [38409]. 

The identity of this rock with that described under a’ and its 
possible equivalency, has been pointed out. The effect of weathering 
on this soft rock has nearly always covered it with soil, and it is only 
by thorough search under the roots of fallen trees, aided by a few test- 
pits, that we are brought to believe that it constitutes a broad belt N. 
and W. of Lake Eliza, limited on the E. by the quartzite. 

Easterly from the lake, on the Commonwealth range proper, and 
especially along the face of the bluff which forms the south side of 
the range, exposures are more numerous, especially in the banks of 
the rivulets. Here, about one-quarter of a mile 8. W. of the Com- 
monwealth mine, the so-called “plumbago mine” has been opened. 
The same associations of clay and chloritic slates, in great variety and 
insensibly graduating into each other, occur [2185, 2369, 2404-5]. 
Highly altered, mottled, porous varieties are seen in test-pits on the 
east side of Sec. 34 [3452-62], and identical altered varieties along the 
north line of Sec. 25, T. 40, R. 17 (8411-22]." Hard, black varieties, 


1“ Paint mine” and bog-ores. — The rusty, weathered, porous character, apparently 
caused by the decomposition of iron pyrites, of the soft schists of this bed, has already 
been mentioned. Although belonging to Mr. Wright's Economic Report, it is proper 
here to suggest the probable bearing of this fact on the origin of the brown ferruginous 
conglomerates cemente1 by iron-oxide, which can be best seen at Mr. Keyes’ ‘paint 
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with ochrey quartz and chloritie beds, occur at Pumpelly’s hill, at N. 
qr. post, See. 6, T. 59, 1s. 

Ferruginous argillaceous or chloritic schists are abundant N. of 
“See, SZ? mine, 

The alternating beds of banded ferruvinous quartz schists (flag-ores), 
soft iron-stained argillaceous and chioritic schists, and especially the 
characteristic lavers of white, ochrey, saccharoidal quartz, banded with 
carbonaceous slate, Which characterize the Commonwealth [3463-9] 
and Eavle (2152 4, 3277 SO] mine series, together with the assooiated 
ores, Will be fully considered in Mr. Wright’s economic chapter. 

j, Teturning to the line of our section we find } mile N. of lake 
Eliza at the base of bed XV, magnetic actenolite schists, interlami- 
nated with thick and thin layers of white quartz and containing 8 
layer two inches thick of quite pure, black, magnetic ore [2136], which 
gave 49 per cent. of metallic iron. This passes north into an irreg- 
ularly banded schist, gray, brown, and black lamin of arenaceous 
quartz, magnetite and actinolite schist, in places contorted [3405-7]. 
Next to the north is seen a brown, hard, magnetic, slaty schist, with 
iron-rust in seams, which gives a dark graphitic streak. 

k. Northeasterly of the slate (Commonwealth rocks) and under- 
lying them, is the quartzite bed AXLTV, which, near this section, forms 
the highest hills in the vicinity. The following varieties are 
exposed, from south to north: 

Coarse-grained quartz-schist, holding white reddish and blue grains 
of quartz. 

Quartzose chloritic-schist, resembling novaculite, but coarser. 

Quartzite, massive to schistose. 

Chloro-quartz-schist, colored red on splitting planes. 

IIoney-yellow to purplish-red quartz-schist. 

Light-grav, faintly banded, massive to schistose, quartzite, with a 
distinct N. E. dip of 7s° in the splitting planes. Here is a strong 
attraction and a local magnetic variation of 70° W. 

Light-gray, faintly banded, qguartz-schest. 

Grayish-white guartz-schist; dip of splitting planes 85° S. 

Two more beds of same variety. 


mine,”’ near the center of Sec. 25, but which occur at several other points in the neigh- 
borhood.; They are apparently forme 1 by the cementing and ferrification of the soil, 
roots, etc., together with the underlying sub-soil, by the iron-oxide released by the sup- 
posed decomposition of the pyrit23. No true bog-ores were observed, but they will 
probably be found by exploring in the swamps. 

1 He has already given a preliminary description and sketch of the Commenwealth 
mine in the Annual Report of 1877. 
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Another bed with several splitting planes, corrugated like the mica 
schists, suggesting minute ripple marks. 

Light, greenish-gray quartz-schist. 

Anotice bed of same; dip of splitting planes 82° N. E. 

- Covered, but audeine by the number of boulders of chloritic 
quartz Behe suggesting novaculite, which lie on the surface, it is 
underlaid by this rock. 

In a recent test-pit which is about 680 steps N. and 610 W. of 
the S. E. corner of Sec. 25, ¢. ¢., near &, is exposed irregularly banded 
quartzite, in places conglomeritic, and chlorite schist. Strike N. 60° 
W., dip 90° [3404]. This is probably the uppermost layer, since the 
plumbago is also exposed. 

About 100 steps S. E., at the brow of the hill, the quartzite is 
banded and highly contorted, to the point apparently of breaking up 
some of the laminte into fragments, giving it the appearance of a 
true conglomerate, which, indeed, it may be, since the equivalent of 
this bed, N. of the Pine river, is a true conglomerate-schist. 

Ll. Quartz-schist, light-gray to red on weathered surface, succeeded 
by schistose and massive quartzites for 1000 feet. 

Covered about 700 feet. 

m. Chloro? quartz-schist. 

Covered about 500 feet. 

n. Two beds of quartz-schist with an interval of 100 feet between 
them. The northern outcrop has a northerly dip of 75° in splitting 
planes. 

0. Quartz schist, in some places slightly chloritic and containing 
conglomeritic layers with rounded pebbles of white quartz; also jasper 
and reddish mica [2187]. Some beds have a southerly dip of 80°. 

p. Quartzose schist, in places conglomeritic with pebbles of white 
quartz, and in one place highly contorted; 800 paces west 1s a mass 
of quartzite 1800 feet thick, the northern part of which is a mica- 
ceous gua7rtz-schist, the red mica lying in planes oblique to the princi- 
pal splitting planes [2213]. Another variety is a massive gray quartz- 
ite with minute silvery micaceous scales (aventurine). 

Covered about 2000 feet, except one outcrop of quartz-schist. 

g. Altered conglomerate, froin a test-pit. : 

Cleavage? bedding and joint planes of the quartzite. 

The bedding of the quartzite XIV is very obscure, and it is only 
after many days’ observation in 1874 and 1878, supplemented by the 
later valuable notes of Geo. A. Fay, that I am able to distinguish 
with considerable certainty between the several kinds of structural 
planes. 
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(1) Afost conspicuous, and tu be seen nearly everywhere, is a fine, 
straight, parallel “linear elongation’? of the particles, sugvesting 
the grain of wood, These lines and the planes which they mark are 
very constant in direction, averaging N. so’ W., and differing, proba- 
bly, not more than 10° from this bearing anywhere on Sees. 24 and 
25. Their dip is as constant, being about so* to the 8S. These planes 
seem to often mark asemi-schistose structure, producing imperfeet flags. 
The strike and dip of these planes is exactly parallel with that of the 
clay-slate of bed AVI, about a mile anda half S. W., and is not par- 
aliel with any considerable number of known bedding planes, whieh 
could not be the case, however, since they are constantly varying in 
direction. 

These facts, in connection with what follows, leads me to believe that 
this grain (* wuchs ’’) is due to the same eause which produced the 
cleavage in the clay-slate. Incipient or false cleavage planes might 
be used to express the idea. [have seen atrue granite at Meissen on 
the Elbe, which splits into thin flags. 

(2) Nearly at right-angles with the above and dipping at a high 
angle, are occasional well-defined planes and cracks which are un- 
questionable Joints. 

(3) At rare intervals and usually scen after close inspection, can be 
found a faint banding or striping in the quartzite, and, less seldom, a 
seam or layer of anuther rock, e. g., chlurite, which are the true bed- 
ding planes. They are found to vary from N. by W. to W. N. W,, 
averaving perhaps near the general quartzite area as marked on Plate 
VIIL. Thedips of these planes are as irregular as the strikes, although 
usually at high angles and to the south; northeasterly and easterly 
dips were observed, and in one instance as low as 60°. 

Of the several points where these phenomena can be seen, two are 
on the Indian trail leading north through See. 25, 2. ¢., 1800 steps N., 
900 W., and 1900 N., 900 W., of S. E. Cor. [5401-3]. Not enough 
authentic strikes and dips of bedding planes were found to justify us 
in attempting to make out the structure of the quartzite bed. With 
minor folds it is believed to be an anticlinal. 

Description of Geological Section, B-B’, crossing “ Sec. 32” shaft, 
Commonwealth range, and Eagle Mine. From south to north. 
a. “See. 32” shaft. Near the S. W. corner of Sec. 32, T. 40 N., 

R. 18 E., Wis., is a shaft 62 feet deep, which began with one foot of 

specular ore at the top, increased to 8 feet, then narrowed up to less 

than one foot at a depth of 20 feet, and had at the bottom a thickness 
of about ten feet, according to Mr. James Tubin. Apparently about 
two-thirds of the material from the shaft is a rich, merchantable, 
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granular, specular ore (martite), not slaty, but in places showing a dull 
banding. The upper portion contained the greatest admixture of 
rock. Except in its containing somewhat more pyrites, this ore is 
identical in appearance with the first class, granular, hard ores of the 
Marquette region. 

Although in the Commonwealth range (XV), tlis ore differs greatly 
in appearance, the Commonwealth ore being softer, redder and 
more earthy, suggesting the rich brown varieties of the Marquette 
soft hematites. Analyses and fuller descriptions of this ore will be 
given in Mr. Wright’s economic chapter. 

Both walls of the ore-mass are banded quartz schist, holding lam- 
inse of magnetic and specular ore and martite. The quartz is of the 
saccharoidal character which characterizes this range, and in places 
contains flattened pebble-like pieces — whether originally pebbles or 
since formed by the faulting plications and attritions of the lamine, 
was not determined. Within 50 steps easterly and in the direction 
of the strike, are the characteristic chloritic, argillaeeous and carbon- 
aceous schists and slates, uncovered in test-pits, rendering the presence 
of a fault probable. 

In the vicinity can be found ferruginous, quartzose, chloritie and 
argillaceous schists and slates in every variety (2400-8, 2184, 8445-51]. 

The natural exposures of ferruginous rocks and strong magnetic 
attractions, which were first observed by Col. Chas. Whittlesey at this 
locality, many years ago, drew attention to its promise of merchant- 
able ores; but it was not until test-pits were sunk by H. D. Fisher, 
under the auspices of the Commonwealth Iron Co., H. A. Tuttle, 
president, in the summer of 1876, that a workable deposit was found 
on Sec. 34. The locality, on the whole, has much resemblance to the 
Michigamme range, except that it is far less magnetic. The horizontal 
needle varied, however, from 140° E. to 70° W. within 100 steps. 

Between the shaft and the road, to the north, is a considerable bed 
of argillaceous or chloritic slate, presenting much variety in color 
from the presence of iron, showing green, red, brown, drab, and bean- 
tifully mottled colors [2404-5]. 

6. Under the roots of a tree is a loose ledge of an altered earthy 
brown arenaceons chloritic? schist [2183], which produces magnetic 
variation. This rock resembles and has about the same stratigraphical 
position, 2. ¢., at the base of XV, as (7) of the preceding section. 

ce. Clay slateand (d) quartzite, with covered spaces separating them 
from the preceding and following described rocks. 

e. Argillaceous and chloritic slates with carbonaceous slates on 
the S. 


LOCAL DETAILS. 491 


Whether the quartzites d and d’ [2425] belong to XV or XIV, is 
not known. It is probable that no sharp line divides them. There 
ein be no doubt, however, but that the following belongs to the older 
formation: 

J. “Aventurine” gray guirtzite. A very extensive ontecrop, in 
every way similar to A described below, except it is more massive, pre- 
senting but few faint traces of the linear parallelism (incipient cleavage) 
described in considering this quartzite where it is crossed by the 
previous section, The term aventurine was provisionally applied to 
distinguish this rock on account of the presence of minute scales of a 
reddish micaceous mineral which gives the fresh fracture in some 
specimens a beautiful sparkling appearance, and suggesting the possi- 
bility of its having value for ornamental purposes if polished. 

Deseending the quartzite hill, we pass several outerops of quartzite; 
we find N. of the ruad at 975 steps N., 1050 W., a loose ledve of a 
touch, blackish, fine-grained schist (3458-9]}, with quartz lamin, and 
carbonaceous slates near it; 150 steps to the N. is another large expos- 
ure of quartzite. 

g- Dark-green, fine-grained schist, resembling some chloritic green- 
stone schists, but which Mr. Julien calls brotite-qneiss [8456-7]. The 
resemblance of this rock to that found on the N. side of the qnartz- 
conglomerate, near the S. E. corner of See. 20, T. 39, I. 18 [2809-10], 
is interesting, since they probably have the same stratigraphical 
position, that is, immediately underlie the great quartzite; and in 
connection with the supposed equivalent scries in the S. E. $ of See. 
13, T. 39, 1. 17, afford the best clue to the character of bed XIII. 
This is the more important, since the quartzite entirely disappears to 
the eastward. 

A. Ina hill about 75 feet high is a large exposure of massive, 
grayish to reddish guartzcfe, with no evidence of bedding except on a 
few square inches at one point. On the top of the ridge, it is light 
gray and massive [5434]. On the south crest the weathering influence 
has in places extended nearly an inch, coloring the rock reddish and 
yellowish, and rendering it porous, Fine veins of white quartz cross 
what appears to be bedding. 

To the north is a whitish-gray quartz schist, holding scales of red 
mica (aventurine?), and being colored brick-red in certain irregular, 
sharply-defined blotches which extend into the rock. 

Aryillaceous or ehloritie slate in a bed 8 feet thick, imbedded in 
the quartzite near top of the hill. Strike N. 65° W., dip 80° S. 
[3433]. 

Chloro-quartz schist, with seams of reddish mica. Whitish-gray, 
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highly crystalline, massive to schistose, quartzite, banded with aven- 
turine layers, 

jek. Passing N. E. over a flat country without outcrops or attrac- 
tions for 24 miles, we reach the Eagle mine, where there is a repeti- 
tion of the Commonwealth rocks, already fully described, save that no 
workable mass of equally rich ore has been found, and the orey rocks 
suggest rather hydrated or brown ores than red. The workings have 
exposed a thick bed of what might be called hematitie “ flag-ore,” the 
lamine being highly contorted [2154, 3280-4]. The usual irregular 
vein and nodular-like masses of quartz which generally occur in 
sharply plicated beds, are found here. Clay slates occur south of the 
ore, and are extensively developed to the N. W. [8277-8]. East and 
south is an abundance of carbonaceous slate. In the hill just south 
of the exploration house are the best examples of the occurrence of 
white and ochrey saccharoidal amine in clay and carbonaceous slates 
(2153, 8279]. for analyses and full description of this promising 
iron location, see Mr. Wright’s economic chapter. 

The broad belt of flat country withont outcrops or magnetic attrac- 
tions dividing the Commonwealth and Eagle iron ranges, has made it 
impossible to discover their structural relations. Their identity in 
lithological character places their equivalency beyond all question. 
The absence of the great quartzite at both the Eagle and the Common- 
wealth is puzzling, and points toward the probability of each being an 
anticlinal. The contorted lamin at the Eagle, point unmistakably to 
the presence of a fold, but no such evidence was observed at the Com- 
monwealth. Since future workings are likely to soon supply addi- 
tional facts, itis not worth while to conjecture farther on present data. 

7. Lower Brule, Michigamme, and Paint rivers sections.  T. 
40 N., R. 18 E., Wis., and T. 41 N., BR. 31 W., Mich. 

Description of Geological Section A-A.’ See Prate LX. . From 
south to north, crossing folds. | 


Vo. Of bed. Thickness in feet. 
a. Light-grayish-green, fine-grained greenstone, somewhat schistose 
and chloritic. 


Covered. 

b. Dark-green chloritic schist, somewhat arenaceous. 
Covered. 

ce. Light greenish-gray greenstone schist (kersantite ?) [5292] ..... 100 
COVEREd 6 sa 8 inc ew se eee ee wis wis oidi cian ele alors wiecive ay ota Sate Wawa ; 100 

d. Chloritic schist....... Eve See wees ee ee Jed seiewa ewes acs 00 
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No. of bel. Thi-knessin feet. 
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e. Light yreenish-yray, fine-grained, massive, chloritie greenstone 


(kersanite) [5205]... sch chile sealable ely ee WAGleee 6s eee ocrets 109 

Covercd oo. ceeeces cerry eee a cee CeTeCe ree ee ee ee ee 41) 

JS. Chloro-quarts BORING 0 shb REGIS Ae SS ea eee aera ere ang res) 
Covered ss iseecace sess eee Scnetemaee pues Gave Rctasdndaptee eS an wise 4(n) 

XVI g. 0 Fine grained, massive, joiated greonesh-yray diab tae [2155] 0.06 250 


Just east in the edye of the blutf overlooking the river, the green- 
stone becomes more schistose, apparently ehloritic, and con- 
tains narrow, irregular veins of dark purplish to brown, fine- 
grained, hematite ore (2156, 35090]. This is the * Ellwood 
Mine,” where considerable work has been done on veins 2 to 12 
inches thiek. In IS874, [ dissuaded the owners from working 
here, but they did not follow the advice. They are the best 
characterized, in fact, except the Gilmore mine in the Marquette 
region the only, veins of iron ore I have seen, | 


Covered ...ce0-e GG EVS ON CARE ON dG tabs Gaetan werele aeeaie ae aces 150 
XVI. A. Greenish-drab chloro-aryilluceous ? slate, in places colored with 
oxide of iron [2157]... 0. cece ee ce cee eeercvceerecees siete 1%) 
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XVII. ¢.) Very tough, fine-grained, green diabase [2175] .....ecceececeee 100 
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j. Tough, hard, green, fine- ane hornblende aiid. in places 
massive and jointed [2172], graduating towards i into a softer 
variety, suggesting chlontic schist, and a little farther south be- 


coming soft and exceedingly tough [2173]'........ ashdbleiade See 400 

: Coveridisé ca iieeeiasanes i APewdee tans. aes leewewe sees ae. Sanaers 4010 
k. Tough, blackish-green, hornblende schist, with oblique cleavaze 
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Soft, olive-green, shaly, chloritic achist [2170]. ..0. seccecececs 20 


XVIJL. 2.) Brule clay slates. All shades of alate color, graduating into pre- 
yailing greenish-black varieties [3315-20]. In the southern 
part of the bed is a grayish-black, carbonaceous variety [2169]. 
Cleavage is perfect, and appears to be the bedding, as no other 
marking can be seen. Strike of cleavage seams N. 85° E., dip 
vertical. Contains large, bunchy veins of white quartz, around 


which the slate huminee are warped. ....ccccccccccccrcscves “ 600 
Covered. .... Re ee eee ee Oe ee eT ee 100 

m. Massive to schistose, green to grayish-green, hornblende rock 
[2167]. Micaceous and dioritic vanities occur [33321-2]......6. 100 
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0. Chloritic (argillaceous ?) slates, from green to black, splittiirg 
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Mr. Wright provisionally called these rocks, chloritic amphibole rock. 
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Thickness in feet 


into long, thin prisms, containing bunchy veins of white quartz, 
conforming with cleavage and bedding (?) planes [2164]. A 
system of strong and nearly horizontal joints is conspicuous. 
On the south is a black slaly and apparently carbonaceous 
variety [2165]......-.00 side a SiuleCadage austere wesc Sogaae canes 


. Covered. (Later observations find miva schists on the west side 


of the river [3326-8].) | 
Quartz schist containing micacous layers, jointed and in places 


massive, becoming micaceous and schistose to the south....... 
Covered... ...eeseeee Se. sees pcilee ce was eeaeulees wide aetaeaciess 
Series at mouth of Paint river. 
Mica schist ....eee0e dale ealceres ais Sigs S aioe aes re eee 
COVETEd -h55 sieckee ceva eens rere eee ee Te aaa tau 
Mica schist passing intO......esesece ewe wduancisc steaees : 
Quartzose mica schist graduating int ...scsscccrcccsccuce ae 
Mica schist which passes intO........ee008 culate Gibatesaareaielars 
Quartzose mica schist ...0+0. ere er eee re eee eoosees 
Massive quartzité...0. sooceece Terr er ere ee sso yeeucces 
-- Mica schist with quartz vein8...... secsccccecece ha Vele sais 


Massive gray quartzite, jointed, forming barrier rock at falls. . 
- Covered, possibly a fold. 
Micaceous quartzites.cerere rversecvcsece bWtienetdeweteasans 
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300 


Description of Geological Section B-B'. See Prats IX. From 
south to north, crossing several folds, making it impossible to deter- 
mine the thickness even approximately. 
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XVIII. 6. 


XVII. 
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About: 13 mile west of the section in the S. 13 of Sac. 14 are several 
outcrops of more or less schistose greenstone, often apparently 
chloritic, which Mr. Julien designates kersantites [3239-42]. 
The apparent strike of these rocks, about N. W., and their iso- 
lation, makes it impossible to establish their relation with the 
following series. 

Covered. 

Chloritic (?) schist. 

Covercd. 

Chloro-quartz schist, probably argillaceous. Half a mile west in 
the same bed is chloro-clay slate [2147]. 

Covered. 

At the Islands rapids the supposed equivalents of b and Cc, are 
more fully developed. See description below. 

Coarse-grained, dark grayish-green, hornblendic greenstone [2149]. 
Ledge 150 feet high. Westerly in this bed are several outcrops 
of various greenstones. | 

Chloritic schist. . 

Hornblendic greenstone like d, and hornblende schists [3249-51]. 

Chloritic schist. 


Covered. 
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Chloritic achist, 

Fine-grained diorite [3255]; to the north becoming micacecous and 
chlorite [8.255 6). 

Covered. (W.N.W. on river bank are ledges of greenstone, with 
large dykes of quartz and chloritie schist.) 

(Later observations find chloritic (2) achist (8257 9] and green- 
stone schist [v2tt)-1] between A and 6.) 

Ar-nac cous chloritic? achist on north side of river. Biotite schist 
occurs to the east on the south side of the river [5262-3], 

Covered, 

Massive, jointed, gray, often micac cous, quartzite, with minute 
crystals of feldspar (2151, S257]. About 50) steps west ara 
mica achists (3204-6), and still farther west and north, is a 
highly alters], f-rmig.nous, garneuferous mica schist [5255]. 

Michigamme Falls senes. 


Mica achist [2148] ......... ee ee er ee Swesteae sagt 
CUAY MICAPCONS QUAITIIE 600 ceccccerecceccerececseerscers ee 
Quarts schist, graduating into chloritic, with veins of white quartz 

and red feldspar wccascccec. sso cecseesessens metadata widest ate 


Massive, coarse-grained, hard, Panel, micuceous quartzite [2158] 
Chloro? quartz schist, varying from a true massive quarizile toa 
MICACCOUS SC]ISE...cccccccccccccccces secveceercvsresceses 
Quartzrose micaceous SCNist.....0 cveccccceccccccves-cocssese 
COVETED 20 b.eeeeiece teens oe eee ee ere ates 
Micaceous quarts schist, graduating into a mica schist with cor- 
rogated gurtic® (2145) cs0.5ecic sew ss: ees war aoe Sen's edeawes. x 
Covered sce iie:. de oss sis eseweewlenaritwasess a Sae eee Kase 
At Cedar Portae, and just b-low, are the following varieties of 
mica schist and quartzite, all dipping south: 
Minutely corrugated, soft, silvery, mica echist..ccecceosee cease 
COV CROC ois a ub'e are oiwiars oie aes bie 0 Sawa Gb lo ie seh Se eeene sees 
Micaceous quartz schist ...0 sescceccccrcccrcsccccsccccscer 
COVER wins ssawee bse 2 eects shee niekeuee. GeeGes dacesmeeees 
efica schist, not corrugated, and containing large grains of + 
MICO .eeeee See ho ek i oe 
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Micaceous quartz schist. .ccccccscecsccese he Weg We Rise wese-a 
Covered. .cccccosece eeee eeeeeeeeeerese eeeeeen eeeeeeoseeosevene 


Massive to schistose, micaceous quartzose rock, in places a true 
quartzite, cut into prismatic blocks by strong vertical E. and W. 
joint planes. The dip of bedding planes is about 45° to the 
60th ais .ade ceeeweees eanes errr LT eee ee re 
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Massive schistose micaceous quartzite [2159] ea 
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Thickness in feet. 


No. of bed. 
COVOred 5 uh bine ne baieas sad oop ease Sisbs ete eae eweeeed deceine ss 20 
Massive greenish-gray quartzite, in places micaceous. Forms 
barrier rock of main fall. ..... secccccesccccecccccorene: ue 40 
Covered .....eeseee Seeatawnieeecs tena cmewes Reson es ‘pee eae aians 185 
Typical corrugated mica schist, passing into a massive gray 
QUAVTZILE. coc arce aecscenenecersccsenesacereeesesess canes 25 
Covered. 
0. Mica schist, somewhat flaggy........ stieieace Reales owe Wawa easier 800 
Just east 13 a micaceous quartzite [3273]. 
Covered .....2.6. ies saa- aed Wile: scbsaval tg ara ose eapeieea soa ie Si etn eS areere O00 
Di “GHGS caste oo oe eee Ss Cae Vere a cease ee rier Tere jieawese wes Oo) 
Covered. 
The following rocks, g to y, constitute the Long Portage series, 
dipping north. 
g. Mica schists more or less quartzose, similar to and the equiva- 
lents of the Cedar Portage schists [1252-3], but here dipping 
north or in the opposite direction, proving that one or more 
folds have been passed. 
Covered. 
r. Mica schist, alternating with gneiss, generally flaggy or schistose 
[2452 | ene SG Oidain ss Sadie eteraen awe ee eeines oa ieeee bikes 1250 
About 134 miles west, and a little north, is an outcrop of mica 
schist containing staurolite [2160]. The same rock crosses the 
Paint one mile farther west and north, where it also contains 
staurolite. This is important and interesting since this min- 
eral characterizes the same bed of mica schist (XIX) in the 
Marquette region, where it is associated with andalusite. Nei- 
ther mineral has been observed elsewhere in the series. 
s. Ilornblende schist or gneiss, black, slaty, banded with gneissic 
layers [2453]......... sieietds sea </a Oise Sne Seesemneees datease 100 
t. Grneiss and mica schist....cccccccccccccccccccccecsccsccccecs 300 
Covered....... he eos ivestw néathieew oa bit etiG eta seeeunwes 150 
u. Staurolitic mica schist on south, overlaid with mica schist and 
UC [240 ns cus sewers seseeeranessesiae ocala eee es 400 
UCOVOVCU ses saeeussate ec meAetredeaes er re priate ees amwaneens 150 
G. CNOISScusndisa cube. wae Sek MOSER ERLE CWISAY SRE CS saad Hoe eeN 100 
1. Mica schist...... eee Ste: Eeaedieeees ere re eas 100 
x. Micaceous quartz-schist or gneiss (2581, 2457]. . cc. c cece scene 250 
Covered...... Wisinnd-eeawaaen we tee peu enduaeseuetee ese meeascs 000 
i. GNGISS i952ce sad dees: gape oe Nantes shulet ae Cen eeeane se ease oe 150 


We have now arrived at the limit of the large scale map, Plate LX, 
which ends the detailed description. Ieferring to the atlas map of 
the Menominee region, we may carry an outline section several miles 
farther north and embrace some very interesting and little-known 
Huronian beds, which are undoubtedly the youngest of the series. 
Just above the head of the Long Portage trail is a heavy bed of gnezss, 
dipping north at a highangle. From this point to the Norway Port- 
age, about seven miles N. KE. by N., as the bird flies, are occasional 
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outcrops along the river of horndblendic and other rocks, often grasitie 
In appearance [2583 5, 2458 65) They are probably the equivalents 
of the hornblendic and granitic rocks so prevalent for many miles to 
the eastward, as well as for some distance to the west and northwest. 
See general map. These rocks are assigned to the granitic bed XX, 
See a, Dig Quinnesee section, No, 3 
Having crossed the broad synelinal, undoubtedly possessing minor 
folds, we tind it limited on the north by the Norway Portave chloritic 
and hornblende schists, exposed for a thickness of over 1,000 feet 
2587-98]. They dip south at a high angle under the granite horn- 
blende belt just described, and are probably the equivalents of some 
portion of the Long Portage series on the opposite side of this syn- 
clinal, althoueh these differ from the prevailing rocks of that series, 
in being decidedly more chloritie and hornblendie. 


Islands Rapids beds Menominee river, on See. 18, T. 40 N., R. 19 
E., Wis., from south to north. 


Chloritic ? slate with strong cleavage planes, gra luting into a......eceeeees | 
Quartzose schist, ANd tis IntO....ccceccccrceccccsscecss cevccesccccceees 80 
Missi, Pruy QUuaiICME a6. teen sae biap eeeees dpa eiaeNee es ewedaeeeae — 
COCPTAU cee ck lad: Wesabe Aeceu ewe cer eeewa eee ore ee ee sue euler econ teen. 200 


CTAOTIN OC SCHISM iweb wih 5 Swe a BSS CSS Sd WEEE SE BAS awh ees 10 
COVETER Ad oe eee eee oes S056 Sea: WuSierdd ee eae kee aw a tae eateaeeees 70 
Quartzite, with soft schistose hiyers...ccccee cocscccccee seescceree socccees 25 
Chloritic schist, with quartzuse layers... ..cccecccccccce cece cece cececccces. ses 30 
Covered 2a cceee cede ei cad we Cheieatad sia eee eeeoee beeen: ee ee 10 
Alternating beds of chloritic and quartz schist, graduating into each other..... 60 
Cogeted: 6.icceu- ae eeaniw be ow weds Brae orcas rarer Atle Peace, wed a cr seas 7 


A series of alternating beds of chloritic schist, quartz schist and wieiisite: aries 50 
River. 
Alternating beds of chloritic schist, chloro-quartz schist, and massive, jointed 
quartzite (DOID] ..cccccccccccceccccccccer ner eseereeeieaeres 1 eeteees 80 
Separating the quartzite and the chloritic schist is a vein of white quartz. 
400 to 700 steps north is a massive, redlish-gray quartzite. 

The above rocks belong to bed A VIII, so far as their ave is fixed. 
and are supposed to be the equivalents of & and of Section B-B’ 
above described, as well as of the Michigamime Falls series, &. These 
latter rocks are, however, micaceous. Since the Islands Rapids rocks 
were only provisionally named in the field, and no pieces taken, they 
may be more micaceous than chloritie. 

Vou. WI. — 32 


498 GEOLOGY OF THE MENOMINEE IRON REGION. 


CHAPTER III. 


MINERAL COMPOSITION, TRANSITIONS AND ASSOCIA- 
TIONS OF THE MENOMINEE JOCKS. 


While the leading idea of the following popular description of the 
ILuronian rocks of the Menominee region, and comparisons instituted 
with rocks of corresponding age of other districts, is to make it use- 
ful to the explorer, prospector and Jand-owner, the grouping employed 
and the mode of treatment being based on their associations and tran- 
sitions, one into the other, will, I believe, have interest to the geologist. 
It is too often the ease that lithologists, from lack of opportunity or 
taste, describe and classify rocks with little reference to their relations 
to each other, their locality and stratigraphical position. Rocks made 
at one time, or at one spot, or under identical conditions, are here 
placed together so far as possible, although they may differ widely in 
composition and physical character. 

“ Nearly all rocks,” says Prof. Dana, “are combinations! of two or 
more minerals, and are not definite compounds, hence not species in 
the scientific sense of the word, only kinds.”? The limits between 
these kinds are ill-defined, one graduating insensibly into the other. 
For example, the Huronian marbles pass, through the accession of 
sand, an original deposit, into quartzite —a totally different rock. In 
other cases the change comes through the alteration of an original con- 
stituent mineral into another, as in the case of the amphibole constit- 
uent of the crystalline greenstones, which is often observed completely 
changed into chlorite or mica. Pseudomorphism has converted cer- 
tain actinolite schists into a kind of iron ore. 

It would be very desirable to trace in every ease the exact nature 
and, if possible, the cause of the observed transition, but so much of 
this as has not been incidentally covered by Dr. Wichmann must be 
left to the future investigator. Should such investigation aim at being 
comprehensive and exhaustive, the large number of specimens col- 


1 Mechanical mixtures, I think, would often express the idea better, 
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lected,’ the facta here given as to location, stratigraphical position and 
associations, will, it is believed, have much value. 

At present lithology seems to be in a chaotic and transition state. 
We are breaking away from old nomenclatures and methods of inves- 
tigation, and have as yet little that is universally accepted, or that 
surely will be final. Chemistry and mineralogy, alone or united, deal- 
ing with collections of hand specimens, have, it seems to me, failed: 
let us add stratigraphy and give more weight to what can be gathered 
only in the field. If all united can bring a satisfactory nomenclature 
and classification to embrace all crystalline rocks, it will certainly be 
a great achievement in science. Meantime we need not be afraid to 
use our old and somewhat vague terms in describing obscure and ill- 
defined kcnds of old rocks, which are constantly transforming them- 
selves by devious wavs into other equally vague Acids, striving, it 
would appear, to elude the grasp of the investigator. 

folding these views, I shall only attempt to separate and consider 
the most abundant and conspicuous groups which are bounded by the 
broader lines, and, in describing these, will deal chietly with their 
more obvious physical characters, leaving to specialists the work of 
ascertaining the exact mineral composition, nice distinctions, and the 
application of the new nomenclature. Dy the aid of specimen num- 
bers,’ everywhere scattered through the text, reference may be made 
to the index and thence to the minute descriptions of Messrs. Wich- 
mann and Wright. 

The former describes, in Chap. V, the minerals entering into the 
composition of rocks and their lithological combinations, and these 
need not be here re-described. Dr. Wichmann, who had no opportu- 
nity to study the rocks in the field, based his classification on the 
mineralogical composition and physical condition of the rocks. 
This classification has the sanction of some of the most eminent 
European lithologists, and is undoubtedly the best for the arrange- 
ment of specimens considered apart from their locality, associations 
and mode of occurrence. It was necessarily the only one available 


IMy entire collection, embracing every specimen named in this report, is now de- 
posited in the Amer. Museum of Natural History, N. Y., where it is accessible to 
students. Those specimens to be found at Madison are given in the index. 

? Collection numbers are bracketed, thus, [ ]; typical-suite numbers, thus, (). See 
Index. 

3Their chapters and this one having been prepared at widely different times and 
places, could not have been brought together had it been desired. Each one has 
attempted to make his work complete as far as possible without reference to the other. 
The original idea was that Mr. Wright's chapter on lithology should form a part of 
this report. It is, however, given in his independent report, following this. 
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to him. In the Am. Jour. Sci., Vol. XII, Sept., 1876, I arranged all 
of the IIuronian rocks then known to me, and which had been deter- 
mined by competent lithologists, according to Dana’s classification 
(Manual of Geology, 1875). 

I believe that the study of these rocks from the standpoint above indi- 
cated, in connection with the preceding sequence of strata (Table I1]), 
will throw light on the important question of how much weight can 
be attached to lithology in determining the equivalency of more or 
less widely-separated scries of crystalline rocks. Writing on this sub- 
ject, Mr. Hawes remarks that “like rocks indicate like conditions, 
and nothing more. If there is a general similarity in the composi- 
tion and crystalline condition of a series of rocks in Michigan and on 
the Connecticut, it indicates like conditions for the accumulation of 
sediments and like location with reference to forces producing recrys- 
tallization. Sce remarks on greenstones, p. 233, Geol. of New Ilamp- 
shire, Part IV.”? Ilad Mr. Dawes found certain kinds of rock 
occupying the same stratigraphical position in the two named, 
together with other intermediate series, an exceedingly improbable 
case, I admit, then we should have on a continental scale what I have 
found true in a basin which may have contained 20,000 square miles. 
See remarks on this subject in Chapter I, and of Dr. Hunt, in Ap- 
pendix A. For reasons given in the letter of transmittal, I shall not 
attempt to follow it here. In a drift region, where there are few out- 
crops (and these hard to find in the forests), no fossils, vertical dips 
and strikes at every point of the compass, like the one in which I have 
labored, the field-geologist is driven to closely heed the lithological 
characters of the rocks as his best help in identifying beds. Follow- 
ing this method, I have proved to my own satisfaction that certain 
formations (ée. g., V and XIX) retain essentially the same mineral 
character for a distance of over 60 miles in one direction, and one of 
them at least for 150 miles in another. I see no reason why this may 
not be true for much greater distances, provided the basin be suffi- 
ciently extensive. The composition of other horizons is more or less, 
often entirely, changed. 

1. Iron Ore Rocks. They are subdivided into: 

A. Magnetites, and magnetic quartzose and amphibolie rocks. 

B. Specular hematites, martites and siliceous, gaspery and argil- 
laceous hematitic rocks. 

C. Limonitic quartzose ores and rocks, often containing turgite 
hematite and manganese. 

These varieties, passing as they do, by insensible gradations into 
each other, as well as each into the accompanying quartzose, horn- 
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blendic, magnesian and argillaceous rocks, present great difficulties in 
classification, especially if we attempt to introduce the economic idea, 
as in this case. 
The more obvious transitions of these several ores of iron irto each 
other and into the associated rocks, are as follows: 
Magnetic and hematitie 
actinolite schists (rometimes 
called tremolite and antho- 
phylhte), which occasionally 
become rich in iron through 
alteration of the amplabole 
mineral, are not uncommon. 


2B R22 RE ES. | SREPELES 
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The hematites and limon- 
ites of the Menominee region 
(AV) are associated with 
carbonaceous shales and 
true clay slates. Inthe Mar- 
quette region, manganese 
accompanies the limonites. 


In the Marquette region, it is well known that the pure magnetites 
are only found in the Michigamme district, the ores losing this prop- 
erty entirely to the eastward and westward, and, to a less extent, 
southward. The facts regarding two of the ferruginous horizons are 
here given. The Menominee region affords no parallel example, as 
pure magnetites are there absent. 


Bed XIII. West To East. 


ee | Magnetite (massive, granular). 
> © Magnetite with some hematite (purple powder). 
Ds Martite, with magnetite. 
A Martite and hematite. 
73 4 | Specular ore (massive). 
= 5 -& ( Specular-hematite schist. 
% i % | Micaceous-hematite schist. 
: F 2 | Limonitic specular ore. 
& x 5 Turgite ? 
3 = Limonite with gothite, 


With these ores are associated small interstratified beds of clay and chloritic s._te, and 
hydromica schist. 
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Bed XII. West To East. 
Red-banded quartzose magnetic ore. 
Red-banded magnetic quartz schist. 
Red-banded specular quartz schist (micaceous), 
Brown-banded limonitic quartz schist. 
Brown quartzose limonitic schist. 
Turgite? 
Limonite (manganiferous). 
Ochre. 

Magnetites, Hematites (usually specular), Limonites, and relatea 
ferruginous rocks are very abundant in the Middle and Lower Huro- 
nian, especially in the eastern portion of Huronian area south of Lake 
Superior, while they are comparatively rare in the same series in 
Canada.! At least seven out of the twenty beds of the Marquette 
region are ferruginous, and four have produced first-class ores, and 
this is true of at least two beds of the Menominee series, VI and XV. 
The rich specular hematite, which is so far most extensively mined, 
is mostly confined, however, to bed XIII, in which the richest mag. 
netites also occur. There is less iron ore and of lower grade, so far at 
observed, in the Black River and Penokee series. 

The magnetites and specular hematites graduate into each other 
through martite, which is abundant. They are also sometimes inter- 
stratified in the same bed, although seldom in juxtaposition. Nearly 
the same may be said of the hematites and limonites, but not of the 
latter and magnetites, which are never found together. These facts 
support the hypothesis that these ores, whatever their origin, were 
~ once all magnetites, part of which were afterward oxidized to hema- 
tites, and part of these in turn by hydration were converted into limo- 
nites. 

While magnetic attraction is very common in the Pine river dis- 
trict, Wisconsin, no typical ore of this class has as yet been found in 
quantity. In my Michigan Report, 1873, I predicted that it never 
would be found, from the absence of boulders, abundance of limonites 
and related ores, and the peculiarities of the local attractions? to be ob- 
served on the Michigan side of the river. My Wisconsin investi- 
gations have not caused me to modify this view. 

Iron-oxide, except as disseminated grains of magnetite and in a 
few instances in small unworkable beds, is entirely absent from the 
Laurentian and Copper-bearing series of the Archean south of Lake 
Superior, while in Canada the largest deposits are reported as occur- 
ring in the Laurentian. Titaniferous iron ore, so abundant in the 


' Use is here made of my ‘‘classified list, etc.,"" Amer. Jour. Sci., Sept., 1876. 
? See Plate VII and explanations, this report. 
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Archwan of Canada and northern New York, has not been observed 
south of Lake Superior. In several hundred analyses of these ores,! 
I have only once scen “atrace” of titanium reported. Franklinite 
has not been observed. 

(A.) Magnetites and Magnetic Quartzose and Amphibolie Rocks. 
Most abundant and, except the amphibolic kinds, found only in typi- 
cal forms in the western part of the Marquette region, 

a. Lech in tron (iron ores). 

a1. Dlackish granular magnetites, massive to semi-schistose, fine 
to coarse grained, compact to friable (39, 40, 41, 42). 

a2, Cryptoerystalline, compact, tabular, schistose, sometimes con- 
taining actinulite (172) 

b. Poor in iron, rich in quartz (magnetic quartzose rocks).  Bfost 
abundant in the Marquette region, expecially in the western parts, 
also very abundant in the Penokee (Bad river) series. 


61. Banded, arenaceous quartz and magnetic layers (52), [752," 734,5 
2184]. 

This rock was found in the western part of the Commonwealth 
property, and was the only variety of ore naturally exposed.* This 
ferrnginous quartz schist is characterized by a tendency to become 
conglomeritie or brecciated. It also shows more or less of the sugary 
character in its quartz layers, so prevalent in the Pine river quartzites. 

6 2. Intimate mixtures of magnetite (with hematite) and quartzose 
matter, often cherty [80, 1741]. Magnetie siliceous schist (flag ore) 
(23, 15). Doth varieties graduate into ferruginous quartzites. 

e. Ferruginous rocks, rich in amphibole, the iron orules, magnetic, 
hematitic and ochrey, including such actinolitic schists as are rich in 
iron. Very abundant in the Menomince region, westerly of Lake Eliza. 

e1. Banded quartzose, amphibolie (actinolitie according to Dr. 
Wichmann), magnetic schists (130), [2240]. The distribution of this 
rock is not yet fully made out, nor is its stratigraphical position fixed. 
It is not impossible that actinolite occurs in appreciable quantities in 
two horizons. The accompanying magnetite will render it compara- 
tively easy to unravel its structure through magnetic observations. It 
is interesting to note the rarity of amphibole as an associate of rich 
iron ores occurring south of Lake Superior, as compared with those of 
the Eastern States and Scandinavia. The Michigamme mine (magnetic) 
shows considerable actinolite in No. 4 shaft. Future developments 
may prove it more abundant than now appears (1874). 


1See my Mich. Rep., Vol. I, Ch. X, 1873. *See Julien’s description, Mich. Geol. Rep., 
Vol. II, p. 183. #Same, p. 79. Rich granular specular ore has since been found in 
workable quantities at this locality (154), [3451], which is known as ‘Sec. 32’ Mine. 
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Since the above was written a much more important distinct bed of 
this rock (152, 153) has been made out west of Lake Eliza, which is 
believed to be younger than that described above. Sce Plates VI, 
VIII. Breitung’s Iron Location, in Sec. 28, T. 39, R. 18 E., Wis., is 
believed to belong to this bed. Near the Pine river are boulders of a 
vood granular, steely ore, showing brown spots on fresh fracture. It 
is unlike the ore in place, described above, and still more unlike the 
Commonwealth. There is every probability that the parent bed is near. 

According to Dr. Wichmann, the iron ore at Penokee Gap is a re- 
lated variety (148), as is also the ore from the Magnetic mine, Mar- 
quette region (17). 

e2. Manganiferous actinolitic magnetite schists (58). Only in 
western part of Marquette region, constituting bed XVII. 

c3. Garnetiferous actinolitic magnetite schist (eklogite) (27). Only 
in one bed in the Marquette region. 

(B.) Specular HHematites, Martites,and siliceous, jaspery, argil- 
laceous Hematite rocks. Most abundant and typical in the eastern 
part of the Marquette region. 

a. Lvich in iron. 

a1. Granular, massive to semi-schistose, specular hematite and 
martite. Usually contain a little magnetite. Not relatively so plenty 
as the magnetites of corresponding structure (5). Abundant in the 
Marquette region. The same ore has recently been found in workable 
quantity at the “Sec. 32 mine,” Commonwealth company’s property, 
Wis. (154) [3451]. 

a2, Chiloritic semi-schistose, specular ores (43), not abundant except 
in the New York mine. 

a3. Specular-iron schists, often slaty, and passing into micaceous- 
iron varieties (the most abundant form of hematite) (88, 45, 47, 4S); 
only found in the Marquette region until the summer of 1878, when 
a similar ore was found at what is now known as the Norway mine, 
in the Menominee region. The quantity does not seem large, how- 
ever, the prevailing ore being that described below under a6. 

a4. Micaceous-iron slaty schist; graduates into the last,a3. When 
interstratified with magnetic ore, it usually contains magnetite (46, 
49); as yet only found in the Marquette region. 

a5. Kaolinic specular schist (2, 44). Rare, and observed only in the 
eastern part of the Marquette region. 

a6. Purplish to pigeon color, shaly to sandy, generally rich in iron, 
duil, fine specular ore (136, 67). Confined, as far as known, to bed 
VI, Sturgeon River district, Menominee region. Itis now being pro- 
duced in large quantities from the Breen-Quinnesec range of mines. 
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Nearly 100,600 tons of Bessemer ore wer? produced the first year, 1878. 
This ore has not yet been found in Wisconsin, although the formation 
exists there, as is elsewhere proven. 

av. The earthy red oxide ore of the Commonwealth mine.) This 
ore, While closely related to the best ores of the Marquette and Me- 
nominee regions, possesses characteristies which are new and need to 
be stated. It isa red-oxide, intermediate in Appearance between the 
specular and earthy hematite (limonite) ores of Marquette, probably 
identical with the specular ores in composition, as shown by Mr. 
Wright's analysis. It is believed to contain too much phosphorus to 
permit its use for steel. It may be called a soft, red oxide, less specu- 
lar than the Marquette ores. This soft character will make the mining 
very easy, and I believe help the reduction in the furnace. It is nut 
like any Marquette ore, but nearest the “hard hematite ” of the Jack- 
sun mine. Nor is it at all like the Quinnesce and Dreen ores, which 
are very friable, a kind of specular iron sandstone. 

The pure ore is as free from silica or jasper as any I ever saw when 
80 little work had been done. The small amount of material which 
will require sorting out seems to be more chloritic than quartzose, 
hence less objectionable. While the ore is less shining or specular 
than the Marquette ores, the stecly luster which characterizes some of 
the best ores of that region is common here, the Commonwealth ore 
being much softer. Mr. Tuttle thinks the ore gets harder on exposure 
to the air. 

The south one-third of the bed is more siliceous, having both the 
common banded form of the Marquette jaspery ores (“mixed ores ”’), 
and a peculiar form of white quartz which seems to have erystallized 
in irregular angular cavities in the ore, presenting the appearance of 
quartz breccia, with matrix of specular ore. 

Some of the ore in and south of the shaft has a red-chalk (keil) char- 
acter, v. €., easily cut, very red, and having a suggestion of chloritic 
schist strongly impregnated with iron oxide. The Eagle mine is un- 
doubtedly in the same formation, and its ore resembles the Common- 
wealth; but containing, as it does, several per cent. of water, it is 
more nearly related to the limonite class, under which it is described. 

b. Quartzose specular Hematites, poor in tron, rich in quartz. 

Abundant. Graduates into hematitic quartz schist. 

61. Banded, micaceous iron, quartzose schist (16, 32,33). Abund- 

ant in the Marquette and Menominee regions, Michigan. 


'This was written before it was decided that Mr. Wright would prepare the Economic 
Report on the Menominee Region. Could I see his report this might probably be 


omitted. 
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62. Banded specular iron with jaspery quartz (“mixed ore’’), 
the lamine often plicated and faulted to the extent sometimes of pro- 
ducing a breccia.’ Abundant with specular ores in the eastern part 
of the Marquette region (87) [1196]. Similar but more jaspery and 
less ferruginous rocks occur in the Black River series, Mich. (St). A 
related rock, containing, in addition to the specular lamin, minute 
gash veins of spezular ore, occurs at Telch Mt., Menominee region 
[999].2, Very rich hand specimens of ore can be obtained at the 
same locality. Closely related rocks, but magnetic, occur at “Sec. 
32°? Mine, Wis. 

63. Intimate mixture of specular hematite (often magnetic) with 
quartzose matter, often cherty. ILematitic siliceous schist (“ flag ore”). 
Very abundant in Marquette and Menominee regions, Michigan; less 
common in Wis. (68, 19, 36). Sometimes contains grains, apparently 
of decomposed garnets (bird’s-eye ore) (6). 

e. MLematitie argillaceous, hydro-magnesian and micaceous schists, 
sometimes graduating into limonitic varieties, and usually associated 
with rich iron ore. Poor in iron; generally diffused, but not abund- 
ant. Included under varieties of clay and clhloritic slate and mica 
schist. 

C. Limonites and related hydrated oxides of tron, with the quartz- 
ose rocks into which they graduate. 

Earthy, ochrey brownish and yellowish ores derived from the hydra- 
tion of hematites into which they graduate. They often contain kao- 
lin and manganese. Occurring in irregular, pockety, masses they ap- 
pear to be residual deposits resulting from a more or less complete 
dissolving out of the silica from quartzose hematite schists or “flag 
ores.” The abrupt transition of one rock into the other is common, 
one end of a specimen being a ferruginous quartzose flag, and the 
other a merchantable limonite ore. 

a. Rich in tron (the “soft hematite ores’? of the Lake Superior 
iron trade). Abundant in the east part of the Marquette region, and 
at the Breen and Emmet mines, Menominee region, associated with red 
hematites but never with magnetites. 

a1. With little or no manganese (34, 35). A hard, red variety, 
rich in iron, and containing four per cent. of water, occurs in the 
Menominee region, at the Eagle mine, associated with chloritic, 
ochrey clay and plumbaginous schists and slates, and banded with 
quartzose schists, often ferruginous. The specimen which was made 


'See Appendix K, Vol. II, Mich. Geol. Rep., for description and figures of this breccia. 
* Julien, Mich. Geol. Rep., Vol. IJ, p. 81. 
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up of many chips collected when the explorations were quite limited, 
gave Prof. W.W. Daniels (disregarding fractions) 53 per cent. of 
metallic iron, 14 per cent. of silica, 4 per cent. of water, 34-1000 per 
cent. of phosphorus —a good ore. More recent explorations to the 
north have discovered still richer ores. This ore is evidently closely 
related to the Commonwealth, but contains more water. If found in 
quantity, and low enough in phosphorus, it would rank with the best 
soft hematite ores of the Marquette region, although harder. Sce 
description of Commonwealth ores above. 

@2. Kicher in manganese (specimens of pure pyrolusite being 
sometimes found) (24, 25) [893]. Confined chiefly to bed X, Mar. 
quette rewion, 

6. Poor in iron, rich in quartz, often ochrey. Graduates into lim- 
onitic quartz schist. A very siliceous variety of the two prevailing 
kinds in which a less proportion of the silies. seems to have been dis- 
sulved out (26, 57) [994,'8532]. Generally diffused but not abund- 
ant. Was not observed in the Penukee series. 

Those desiring fuller and more strictly scientific information regard- 
ing the ferruginous group of rocks are referred to the two following 
chapters under specimens (39, 40, 41, 42, 17, 148, magnetite); (35, 67, 
135, 156, 25, 34, 35, 24, $3, 44, hematite). For mieroscopie charac- 
teristics exclusively, see specimens [S0, 1741, 2240 magnetite]; (16 
hematite); [222, 549, $93, limonite]. 

2. Quartzite. One of the most widely distributed, both strati- 
graphically and geographically of Turonian rocks. In the Marquette 
region, it graduates into marble on one hand and into protogine? on 
the other, with intercalated beds of novaculite and clay-slate having 
oblique cleavage.® Occasionally the flazgy forms show ripple marks, 
and on Black river, Michigan, the false stratification of the original sand- 
stone can be seen. Semi-schistose is the prevailing structure. Mas- 
sive varieties with no marks of bedding are common. 

A peculiar linear parallelism in the quartz grains, giving the weath- 
ered surface a delicate faint banding, suggesting bedding, but which 
is really an incipient or false cleavage, has often been mistaken for 
planes of stratification. This subject is considered in Chap. IT, in de- 
scribing the Lake Eliza rocks. According to Prof. Irving (see Geol. 
of Wis., 1877, vol. IT, p. 504), this rock is extensively developed in 


1 Julien, Mich. Geol. Rep., Vol. 2, p. 82. 


2The same, p. &3. 
?The quartzites in the eastern part of the Marquette region were for the first time 


last year thoroughly studied by Dr. Rominger, the results of which will be given in his 
forthcoming report. 
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heavy beds at Baraboo, in central Wisconsin, where it is associated 
with quartz porphyries, a rock not found in its typical varieties in the 
IIuronian of Michigan. Quartzite also occurs in the Penokee series. 

The following diagram may give a general idea of the chief transi- 
tions of quartzite into associated rocks. It never graduates into 
greenstone nor amphibole rocks. 


Gneiss. Mica Schist. 
Micaceous Quartz Schist. 


a a4 ‘NOIDTU = AANINONAR 43 
a B Quartzite and Quartz Schist. 4 
=] A : ‘ ; 
& a (Not including either jaspery, cherty nor ferruginous $ 3 
=) varieties. ) 5 9 
g 5 Holds intercalated beds of clay slate with oblique cleavage, Oe 
= © also novaculite. It graduates through the accession of other 24 
Bw minérals, in the direction of its strike, into E a 
j ce MARQUETTE REGION. Oo 
Taley Quartz Schist. Dolomitic Quartzite. 
Protogine ? - Dolomite. 


In the Menominee region are two beds —II, which is wide-spread 
on the Michigan side, and XIV, quite abundant on the Wisconsin 
side. Less abundant in IX and XVIII. In the Sturgeon river dis- 
trict, Bed IT is thick and massive, forming usually a high ridge, and 
north and east of Lake Eliza, Bed XIV, which is often conglomeritic, 
has the same character. The latter is largely exposed on the Lower 
Pine, north side, where it usually contains specular hematite, and is 
also conglomeritic and schistose in structure. This bed is character- 
ized by a decided sugary (saccharoidal) appearance, both of the mas- 
sive quartzite and of the pebbles in the conglomerate, which is not 
observed in the Marquette region, nor indeed in any other quartzites 
with which I am acquainted, south of Lake Superior. Actinolite (%) 
[1088] and specular hematite and magnetite occur occasionally as 
accidental minerals, and less often garnets [1722]. An unctuous- 
feeling (talcy?) schistose variety occurs in Wisconsin, and it is tale or 
mica which gives the quartzite 8. E. and N. of Lake Eliza an aven- 
turine character [2187, 2213, 2403, 2410]. : 

A. A very large proportion of the quartzites are white to light- 
gray, sometimes with brownish, greenish, and reddish tints, fine- 
grained, arenaceous, massive to semi-schistose, the grains often glassy. 
Bed II, Menominee region, is mostly of this rock, and it enters largely 
into Beds V and XIV, Marquette region. It is associated with the 
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slates of Turon Bay, and occurs in the Black river and Bad river 
series, Tt is evidently a more or less metamorphosed quartz sand- 
stone (SOL, SOL! 990? 1251) L628, 1629], (157, 21) Sometimes this 
rock becomes much coarser- grained, almost granitoid; eg. (8), which 
isan avvresate largely of prains of glassy quartz and black mica (2). 
(2OSS] is a faintly-banded, semi-sehistose variety. [2085] is colored 
green by actinolite. In beds XTV and XVITD are quartz schists con- 
taining some unctuous-feeling mineral (2213, 2216). At Felech Mt., a 
reddish variety of this quartzite contains numerous minute seams and 
veins of specular ore. It will be classed under Ferraginous Quartzose 
rocks, 

Bo Mearecous quarts schist, often conglomeritic. Light to dark- 
gray, fine-grained. Typical varieties of this rock occur in bed XVIII 
(140), (2206, 2222, 2225], and identical rocks [2223] in bed AVI, 
Menominee region. In the Marquette region, the micaceous varieties 
are usually conglomeritic and ferruginous [1085 4], (51) and (50) not 
con¢lomeritic. Closely related are the conglomeritice specular schist 
[2224] of bed XLV, Menominee region, and the conglomeritic variety 
containing red mica (aventurine) [21ST]. In See. 25, T. 40, I. 17, 
Wis., is a quartz schist containing some unctuous-feeling, hydrous- 
maenesian mineral with mica (aventurine) [2215], and at the mouth 
of the Poplar is a similar rock without mica [2216]. 

C. The micaceous conglomerate schists of .B, lead us naturally to 
the true and well characterized guartz-conglomerates, Which occur 
chiefly in bed XIV, Marquette region [6885 7155 to 721, 7275] (145). 

D. Closely related to the micaceous quartz schists, and aszociated 
with them in bed AVIIT, Menominee region, on the upper Menom- 
inee river where they are very abundant, are dark grayish. green, fine 
to medium-grained ch/oritie and micaceous varieties (2151, 2158, 
2095] (158). An arenaceous variety [452] from bed V, Marquette, 
may also be placed here. 

F. Medium to dark bluish-gray, arenaceous and slightly com- 
pacted, with numerous minute quartz veins, massive, weathering to a 
brown friable sandstone, the coating sometimes being an inch deep. 
This variety occurs most abundantly, associated with cleavable clay- 
slates, south of Lake Ifanbury [2256 to 2259, 1618] (139). It is 
rarely found in the Marquette region [1447, 242]. Near the N. E. 
corner of See. 3, T. 40 N., R. 30 W., Mich., is a gray, banded, thinly 
bedded, and often quite friable arenaceous sandstone. This belongs 


1 Julien, Mich. Geol. Rep., Vol. II, p. 79. *Ibid., p. 68. - *Ibid., p. 69. 
4Juhen, Mich. Geol. Rep., Vol. IT, p. 66. 
§ Julien, Mich. Geol. Rep., Vol. II, pp. 61-63. 
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to bed II, and proves its great range in texture, 7. ¢., from glassy 
quartzite to friable sandstone. 

fF’. A peculiar saccharoidal quartz-schist is found in the Common- 
wealth and Eagle Mine series, associated with clay and carbonaceous 
slates; and a very similar rock, often contorted, occurs in the mag- 
netic actinolite schist at the iron location near quarter-post between 
Secs. 27 and 28, T. 40 N., R. 17 E., Wis. It varies from white toa 
yellowish ochrey color, and is quite friable [2191, 3389]. JIave not 
observed it in Michigan. 

G. Jaspers, cherts, hornstones, and related siliceous schists, gray, 
black, red, green, banded, and brecciated, often ferruginous. With- 
out raising the question whether true mineralogical jaspers occur, 
about which there is some difference of opinion, and whether such 
doubtful rocks can be separated from cherts and hornstones, there will 
be considered here the following varieties: 

a. Light to dark-gray, banded, cherty, siliceous schists, having a 
somewhat deep brown weather-coating, best represented in the Middle 
Huronian at Black R. [1436, 1454,' 1441, 1500,? 1510.7] A closely re- 
lated rock [1683] occurs in the North Iron Belt, Menominee region, 
and also at the Eagle mine [2152]. 

6. Lydianstone or black hornstone occurs in the Gogebiec region 
[1437]. 

ce. The banded, red, ferruginous, jaspery schists. The purest type 
of this rock occurs also in the Black River region [1485, 41486] (98). 
But the most abundant and best known variety is the branded 
“jaspery” schists (“ mixed ores”’) associated with the specular ores 
of the Marquette region [1196] (87). The relations of these rocks to 
the last named have been mentioned. 

d. Brecciated and conglomeritic varieties, which appear to have 
originated from an internal fracturing and displacement of the 
quartzose layers 27 se¢u. Abundant in the Black River recion 
(85)* [1490]. See Appendix K, Vol. II, Mich. Geol. Rep., for 
description and hypothesis of formation of similar rocks from the 
Marquette region. 

Those desiring fuller and more strictly scientific information regard- 
ing the quartzose group of rocks are referred to the two following 
chapters, under specimens (8, 21, 50, 157, 139, 138, 145, 51, 26, 19, 
52, 23, 140, 16, 32, 33, 36, 57). 

For microscopic cnaracteristies exclusively, see specimens (361, 891, 

1 Julien, Mich. Geol. Rep., Vol. II, p. 83. * Ibid., p. 83. *Ibid., p. 88, 


‘Julien, Mich. Geol. Rep., Vol. II, p. 87. Julien, Mich. Geol. Rep., Vol. II, p. 167. 
§ Julien, Mich. Geol. Rep., Vol. II, p. 67. 
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1174, 1629, 734, 1722, 732, 2205, 1088, 452, 1196, 1510, 1436, 1500, 
1441, 1683). 

The two following families of rock, embraced popularly under the 
general term of “marble,” s0 graduate inte each other, and into quartz- 
ose Varicties, as to make it dificult to draw anything like sharp limiting 
lines. The general remarks, it is believed, will apply to both kinds. 
There is no doubt but that the magnesian (dolomite) family is by far 
the most prevalent. In using “marble ’? in the popular sense, we, 
of course, do not intend to embrace quartzites which have frequently 
been mistaken for * marbles,” especially in the Menominee region. 
Except possibly in smali variegated blocks, there is as yet no promise 
of economic value in any of these so-called marbles. 

3. Limestone (marble). 

A. A white crystalline lemestone occurs in the North Tron Pelt, 
Sturgeon river district, Menominee region (Bed X22), holding numer- 
ous, large, light-green erystals of tremolite, which weather black and 
present a very rough weathered surface (142). In this rock Dr. 
Wichmann observed wollastonite, as well as fluid enclosures. The 
presence of tremolite and absence of magnesia characterize this bed 
and make it easy to distinguish it from the older and far more exten- 
sive dulomitice horizon. 

B. Seleceous Limestone. A variety in which the quartz exists in 
grains, appearing on the weathered surface almost like sand (141), 
occurs midway between the Marquette and Menominee regions, in Sec. 
4,T. 45 N., Ro 31 W., Mich. I have regarded it as belonging to Bed 
V; but it may be younger. 

C. Micacecous limestone (144), brown and schistose, observed at 
one point only, in See. 13, T. 47 N., R. 283 W., Mich., and may be- 
long to bed VY. 

D. Aryillaccous ant conglomerate limestone, in thin beds on the 
south shore and on the island in Lake Antoine, Menominee region 
(1786 to 1759]. Ieticulated seams of quartz in places cause a peculiar 
pitted weather surface [2957]. 

According to Prof. Irving a “ siliceous, crystalline limestone with 
some white quartzite,” occurs near the base of the Penokee series, oc- 
cupying apparently nearly the position of my great calcareous and 
quartzose formation (V). This rock has not been observed in the Hu- 
ronian of Central Wisconsin, nor as a surface rock in that part of 
Oconto county embraced in my examinations. That it underlies the 
whole of the Pine R. district at some unknown depth, there can be 
little doubt. The reported existence of “ marble” associated with 
quartzite, south of the Brule QR. in the S. E. part of T. 41 N., R. 16 
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E., Wis., is significant and well worthy of investigation. What is 
known abont it will be found in Mr. Wright’s report which covers 
that region. Dr. Rominger, State Geologist, of Michigan, has spent 
two scasons in investigating the eastern part of the Marquette region, 
where the “ marbles ”’ and associated quartzose and argillaceous rocks 
are extensively developed. His report will greatly increase our 
knowledge of this interesting family. 

4. Dolomite Marble. A crystalline limestone containing a vary- 
ing amount of magnesia to the point of becoming a true dolomite 
marble, is abundant on the Michigan side in the Menominee region. 
Its not having been seen in Wisconsin except rarely in boulders, is 
one of the strong proofs that the Lower Huronian is mostly, if not en- 
tirely, concealed there by drift and the younger Turonian beds. This 
remark will probably apply with equal force to the Breen-Quinnesec 
ore (VI) which immediately overlies the marble. In the Marquette 
region it occurs in or immediately over the great bed of quartzite, and 
has been included by me in bed V. It and the associated quartzite are 
interstratified with beds of novaculite and clay slate, with oblique 
cleavage [1635, 795,1] (11). It is often quartzose in disseminated 
grains, or in cherty seams, which weather black and give the surface 
a ribbed appearance (143). In the Marquette region it is light gray, 
pink, and salmon-colored, mottled, fine to very coarse-grained [797 7] 
(9). In the Menominee reyion are grayish and slightly bluish, fine- 
grained varieties (66) [1635, 2068]. All the specimens designated 
above came from the same marble-quartzite bed (No. V) which the 
presence of this rock may be said to characterize. No accidental min- 
erals except quartz and calcite have been observed. 

Those desiring fuller and more strictly scientific information re- 
garding the calcareous group of rocks, are referred to the two follow- 
ing chapters under specimens (9, 11, 66, 142, 97, 144, 141, 143), 
and for microscopic charactcristies exclusively, see specimens [2086, 
1744, 21, limestone]; (795, 1635, 797, 1626, dolomite]. 

5. Clay-Slates. Clay-slates being soft rocks, are very liable to be 
concealed through their conversion into soil by weathering influences. 
Again, their intimate relation with and transition into magnesian and 
hydro-micaceous and carbonaceous rocks, renders their limits very 
difficult to define, hence future investigations may greatly change and 
improve the grouping here employed. I have divided them provis- 
ionally into three groups: 

A. Where they exist as subordinate beds in quartzites, limestones ‘ 
and actinolite schists, being interstratified with layers of these rocks. 


' Described by Julien, Mich. Geol. Rep., Vol. II, p. 57. ?Ibid., p. 58. 
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B. Where they evist in indepondent beds, constituting the prevail- 
ing rock of a given stratum or horizon. 

C. Where they oesnr in) subordinate beds, in iron-ore rocks, alter- 
nating with layers of the same, as wellas of magnesian sehists. All 
field observers of clay slates are aware of the frequent difficulty of 
distinguishing between cleavage and stratifeation planes. The cleav- 
ave planes are always far more constant ino strike, and) parallel with 
the great axes of folds ina wide region. The dip is always at a high 
anvle, and equally constant. The stratificatioa planes in a sharply 
folded) region of crystalline rogks would naturally average in strike 
anil dip nearly the same as the cleavage planes, It is not impossible, 
therefore, that my classifieativuu into those having oltique cleavage, 
anl those in which the eleavaza is unlistinyaishadle, bat yet may 
exist parallel with the bedding, is largely arbitrary. The instances, I 
think, are rare in which the bedding planes could ba readily sepa- 
rated from the cleavaze, exespt where the slates were associated with 
other and harder rocks. These may be supposed to have interfered 
with the free movement of the argillaceous material during the period of 
disturbance, which brought the beds into their present nearly vertical 
positions, Just as a miniature model made up of different colored layers 
of wax and an intercalated sheet of lead, and brought under pressure 
to illustrate the origin of cleavaz? planes, would present a quite dif- 
ferent cross section from what it would if the lead were not present. 
The coloured bands of wax would certainly be much nearer parallel 
with the cleavage planes in the last than in the first instance. The 
thickness of the argillaceous and intercalated harder beds would, of 
course, modify these planes. 

The following diagram illustrates the common transitions of those 
varieties of clay slate not associated with limestones or quartzites; 
t. e., groups DB and C: 


Keil (red chalk). Red Iron Ores. 
Ferruginous varieties. 
by, 
Sof, 
’ 7) vw» 
Carbonaceous and Clay Slate. v 2% 
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A. The typical clay slates with oblique cleavage, and affording in 
some instances roofing slate, are usually, it is believed, intimately 
associated with quartzites, although I do not know much of the Huron 
Bay slate district where the best roofing slates are found (81). It oc- 
curs in the Negaunee district, in bed VIII (20), and in the Menomi- 
nee region, south of Lake J[anbury, in bed IX? [1617, 1620] (118). 
Compare also (983.'] When these obliquely-cleavable slates occur 
associated with calcareous rocks, as in bed V, easterly from Negaunee, 
the slate has usually more or less of a novaculite character and gray 
to purple and greenish tints, instead of the ordinary slate colors (10, 
12, 18) [S04,? 805,? 810,° 8144]. 

B. Clay slates which form independent beds, or greatly predomi- 
nate in certain strata, like XV, Marquette region, and XI, portions of 
XVIII, and the “Commonwealth” bed, XV, Menominee region, are 
characterized, first: by the absence of distinguishable oblique (true) 
cleavage, the fissile character being apparently due to lamination or 
bedding. These rocks, therefore, correspond with Cotta’s Schiefer- 
thon (argillaceous shale schist or slate), (114), (2185, 2147, 2237]; sece- 
ond: by the presence of accessory minerals, chiefly chlorite, mica, ear- 
bon, iron, and silica, to the extent of completely altering their char- 
acter, and through which they pass into entirely different kinds of 
rock. 

a. Chloritic varieties, grayish and blackish-green, often not dis- 
tinguishable by the eye from true chloritic schists (2140, 2164, 2165, 
2168, 820°]; undistinguishable are certain chloritic schists (55), [2094]. 

6. Near this border line are also pyritiferous and ferruginous vari- 
eties [2251, 2183, 2140], which also approach in some of their charac- 
ters the typical varieties [2185, 2237]. 

ce. Alicaceous varieties (phyllite), (111) [2270, 692,6 1526], and 
related micaceous argillites (2137, 1173] (56). A mica schist [2058] 
from below the Little Quinnesec is closely related. 

d. Carbonaceous vurieties [2169] (115, 64) [1163, 21384], to the 
extent of being over one-fourth carbon. An apparent exception to 
this is the occurrence of a carbonaceous shale, with quartzite, in S. E. 
qr. of Sec. 25, T. 40, R.17 E. Whether it has oblique cleavage or 
not, is not known. 

e. Ferruginous varieties. These border on family C, but differ 
in that while they are associated with iron-ores, they greatly predom- 
inate, and are much less ferruginous than the others, being rather 


eS SA SS ar a a eee ee eee ee ke RCS 
' Julien, Mich. Geol. Rep., Vol. IT, p. 114. *Id., p. 85. #Id., p. 99. *Id., p. 100. 
§ Julien, Mich. Geol. Rep., Vol. II, p. 95. 
* Julien, Mich. Geol. Rep., Vol. II, p. 98. 
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rusty stained argillaceous rock (2272, 2193 to 2195], A light-drab 
and brown variety [2157], is closely related to class C. 

SJ. Sedweous varietic8 (2091), through which the rocks graduate 
Into quartzose schista, are not well detined, but may be supposed to 
include Julien’s feldspathic argillite, although Dr. Wichmann has 
distributed this kind of rock among chiloritic, micaccous rocks and 
argillites. A more siliceous aad somewhat ferruginous variety occurs 
at the Eagle mine [2152]. 

C. Interstratified with the iron-ores, especially with the limonitie 
and siliceous varieties, are gray, red brown and mottled slates, which 
are believed to be generally argillaceous, but may be sometimes 
chloritic. The quantity of iron oxide, which is sometimes 25 per cent., 
makes it very dithult to determine the exact character of the rock. 
So far as observed, this group like the first is without oblique cleavage, 
hence rather an argillaceous shale. The red chalks, 0 common in the 
mines of the Negaunee district, and at Kimball's cut, in that vicinity, 
are of this class. Abundant in, or adjacent to bed VI, Menominee 
region [2249, highly ferruginous], (1623, red and brown mottled] 
(2067, ash colored]. Through related unctious-feeling schists (1081, 
1120}, this kind of rock graduates into hydro-micaceous varieties 
(53,54), all of which occur interstratified with iron-ores, but are de- 
scribed under other kinds of rock. 

Those desiring fuller and more strictly scientific information re- 
varding the argillaceous group of rocks, are referred to the two follow- 
ing chapters under specimens (20, 81, 91, 113, 114, 64, 115, 111, 73, 74, 
10, 12, 13, 66). For microscopic characteristics exclusively, see speci- 
mens [983, 998, 807, 814, 2067, 2147, 2237, 1163, 2134, 2169, 3064]. 

6. Tale Schist. The typical rock, according to Dr. Wichmann’s 
determinations, has been observed only at Marquette (74), and at the 
Washington mine [1081].!. Unctious-feeling, micaceous and chloritic 
rocks, often called taleose, are more abundant (53, 54,112). A related 
schist in physical character occurring on the Menominee, at the foot of 
the Big Quinnesec Falls [2071, 2562], and heretofore called tale-schist, 


' Julien, Mich. Geol. Rep., Vol. IT, p. 116. In February, 1879, Mr. Julien re-exam- 
ined this rock with the following results: ‘‘ It contains less than 4 per cent. magnesis, 
a large amount of ferric oxide, and only a small amount of water and carbonaceous 
matter. There is too small an amount of magnesia and water to render probable the 
presence of talc, and the large amount of iron, together with the magnesia, may better 
be assigned to biotite. This is the more probable from the gray color of the rcck. Its 
minute black scales, I therefore believe to be biotite, and the white scales some hydro- 
mica. Name, altered biotite schist."’ Regarding (74) Mr. Julien says: “contains very 
little iron, but nearly 7 per cent. magnesia, equivalent to 19 per cent. talc. Name, tal- 
cose argillite.”’ 
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Dr. Wichmann decides to be hydro-micaceons, and calls it sericite 
schist. It is a serious question, it would seem, whether any true tale 
schists have yet been found in this rock series. 

For fuller and more strictly scientific information revarding the 
rocks heretofore called talcose, see the two following chapters under 
specimens (74, 53, 54, 112), and for microscopic characteristics exclu- 
sively, see specimnens (74), [1081]. 

%7. Chloritic Rocks. Of all the vague lines separating the several 
families of rocks, none is harder to recognize than the division between 
this and the preceding argillacecous group. As the mud under the 
waters of rivers, lakes and the oceans varies in character and composi- 
tion, so do these rocks, which are. but secondary, hardened forms of 
such mud. When the metamorphosing forces have gone far enough, 
the mud is carried through these families by insensible steps into 
micaceous rocks. These are the reasons why the argillo-chloritic anc 
chloro-argillaccous varieties figure so conspicuously. 

An unevenly splitting gray-green schist associated with greenstones, 
and apparently derived from them by alteration of the amphibole, is 
included in this family, although its origin and associations are widely 
different from the above. This seems to be one end of the chain 
which connects massive crystalline greenstones through diabase?, ker- 
santite, micaceous greenstone, greenstone schist, chloritic (greenstone) 
schist into this secondary chloritic schist. All these varieties may 
sometimes be found in one outcrop, but usually one variety charac- 
terizes one bed for some distance. This varicty should undoubtedly 
have a distinctive name, and will here be designated by the last de- 
scriptive name employed above, chloritic (greenstone) schist. 

The idea on which I have grouped the rocks in this chapter would 
render it quite as proper to place this kind of rock with the green- 
stones; but convenience of reference, with other considerations, has 
led to placing it with the other kinds of chloritic schist. 
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The following diagram presents the leading facts: 
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Argillo-Chloritie Schists. 
Clay Slates and Ferruginous Clay Slates. 
Argillites, Iron Ores. 


A. The psendomorphous chloritie rock of bed XT, Spurr-Michi- 
gamme range (S0'), so well deseribed by Julien and Pumpelly, seems 
to be nearly pure, dark-green, massive chlorite. Lunches and sinall 
lenticular masses of identical rocks, containing garnet, occur in green- 
stones at Republic Mt. This pure pseudomorphous and garnetiferous 
variety has not been observed in the Menominee region. Mining 
operations may probably develop it. 

BB. A less pure, grayish-green, eminently schistose but seldom slaty, 
and not well-defined variety, has affinities with hornblendic and mica- 
ceous schists (134), [2145], which compare with [2270, 2178, 12507] 
(114), and closely related are Julien’s feldspathic argillites (132%) [422] 
and others. 

C. An extensive group of light gray-green chloritie schists, which 
have generally been called argillo-chloritie or chloro-argillaceous, on 
account of their intermediate character, is developed in the Menomi- 
nee region [2053, 2055, 2008, 2082, 2004, 1613] (55). These graduate 
on the one hand into clay slates, as has been stated, and on the other 
through unctuous-feeling, probably hydro-magnesian rocks [1120, 
1081], into hydre-mica slate (53), all of which occur in iron ores in 
bed XITI, Marquette. Certain talcy schists from Marquette (73, 74), are 
also related, but are in an entirely different stratigraphical position. — 
A peculiar variety of banded, irregularly mottled, evidently highly 


1 Julien, Mich. Geol. Rep., Vol. II, pp. 94, 95, sp. 729, 730, 731. *Id.,p.108. #Id., p. 
104 (sp. 982). 
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altered, in places arenaceous, schist [3455, 3459], which is probably 
chloritic, is found in the prospecting pits on the east side of Sec. 34, 
T. 40, R. 18, Wis. The associated, more or less carbonaceous, clay 
slates, the saccharoidal quartz seams, and unctuous-feeling schists, to- 
gether with the locality, renders it almost certain that it belongs to 
the Commonwealth series, bed XV [8452 to 3462]. This locality ex- 
hibits a very interesting series of the several schists and slates accom- 
panying the iron. 

D. One of the largest, most generally distributed, and at the same 
time, obscure varieties, embraces those chloritic rocks that are asso- 
ciated with greenstones and hornblende schists, being in many in- 
stances but schistose and altered varieties of the same. These rocks 
have heretofore been called dioritic schists and chloritic diorites. 
They are usually dark grayish-green, and of exceedingly uneven, 
irregular, schistose structure, never producing slates and seldom flags. 
Some have affinities with hornblende schists, and at the same time 
with some of Dr. Wichmann’s diabases (70), [2132, 2178, 2180], and 
others have affinities with diorites and diabases [825,' 906,? 2063, 2144, 
261]. Others, again, incline toward micaceous and argiilaceous schists 
[1640] (133) [137, 2097]. Compare, also (2078, 537, 931]. Many are 
obseure and altered [146, 2173, 2170]. The following chloritie schists 
(named by Dr. Wichmann) do not readily come under any of the 
above classes; in several instances they are more or less weathered, 
and never, it is believed, do they occur in quantity [2108, 337, 2083] 
(108). 

Those desiring fuller and more strictly scientiffe information regard- 
ing the chloritic group of rocks, are referred to the two followirg chap- 
ters under specimens (55, 73, 119, 134, 31, 132, 89, 133, 63). For 
microscopic characteristics exclusively, see specimens [1250, 2082, 
2094, 2097, 2132, 1387, 906, 982, 729, 2091, 2078, 537, 931, 2227]. 

8. Greenstones. This term is employed ina sort of double sense: 
Ist, as the name of a large family of rocks, including diorite, diabase, 
gabbro, and the secondary forms of these rocks through the alteration 
of the amphibole. 2nd. To designate any related fine-grained rock, 
the true character of which has not been determined, but which un- 
doubtedly belongs to this class. When used in the latter sense, it 
should be prefixed by “undetermined” or “aphanitic,” but often 
this is not done. Competent lithologists are, I believe, agreed that 
the very fine-grained and aphanitic greenstones can only be properly 
named through the microscopic examination of a thin section. This 


' Julien, Mich. Geol. Rep., Vol. II, p. 174. *Id. p. 102. 
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cannot be done in the field, perhaps not at all, on account of the cost 
and delay; meantime a name must provisionally be employed. This 
in tine becomes so fixed in notes and MSS. that it is difficult to eradi- 
cate it. Further, I have a feeling that it often is not a matter of im- 
portance to determine whether pyroxene or hornblende characterizes 
a particular rock and the exact extent of the alterations in the same, If 
the determinations made of my specimens are to be relied on, then this 
difference in the bi-silicate mineral seems often accidental and Jocal. 
They appear to graduate intu each other, whether through alteration 
or orivinal difference in composition, cannot always be ascertained. 
In my Michigan report, Qiorite was used as the synonyvin for green. 
ic. Ifere that term is intended to embrace only the unaltered 
bornblendie varieties of greenstone.! Ee 
The following diagram illustrates my general views of the observed 
transitions of greenstones (believed to be mostly metamorphosed sedi- 
ments’) into related rocks. Where the kersantites (mica-traps), a 
new name in the lithology of these rocks, lately applied provisionally 
by Mr. Julien to certain semi-schistuse varieties (155), [2872, 3246, 
do44], should be placed, I will not attempt to determine. Turtunately 
the name melephyr, under which term Prof. Pumpelly embraces 
many of the greenstones of the Copper series, has never been applied 
to a ILuronian greenstone. 


SERPENTOIDAL Rocks (rare) are believed to have been derived 
by alteration from 


SERPENTINOIDAL GREENSTONE. 


Greenstone. 
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embracing 
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Cuvoritic DIABASE 
Kersantite ? 
Chlorite Schist 


DIoRITE. 


HornbBLenpic DiorirTe. 
Hornblende rock and rarely schist. 
Hornblende Gneiss. Micaceous Hornblende Schist. 

Hornblendic Mica Schist 

Mica Schist. 

Gneiss. 

Following strictly the plan of arrangement of rocks sketched at the beginning of this 

chapter, the chloritic schists associated with and undoubtedly derived from the green- 
stones, should be described here, but for convenience and other considerations they are 


placed under chloritic schist. 


1See Dr. Hunt's remarks on greenstones in appendix. 
*Dr. Wichmann rcgards them as eruptive. See his remarks on diabase, Chap. V. 
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The great greenstone bed which lies immediately under the chief 
iron ore formations (XII and XIII) of the Marquette region, presents 
according to early determinations of the specimens the following 
varieties in an air line distance of twenty miles. 


Bed XI. From Republic Mt., north and east to Negaunee. 
Hornblendic schist (micaceous). 
Hornblendic gneiss. 
Hornblendic diorite. 
Diorite (micaceous greenstone, green mica schist). 
Dioritic schist. 
Diabase ? 
Decomposed diabase ? 
Chloritic schist (micaceous). 
Chloritic schist (porphyritic). 

A. Diabase. Abundant, especially south of L’Anse, and in the 
Menominee region, southwest of Sturgeon Falls and on the Lower 
Brulé, and perhaps also at Twin Falls. This name is often applied 
by Dr. Wichmann to obscure fine-grained “ greenstones,” which have 
usually been called diorites, greenstone schists and chloritic green- 
stones. The rocks called diabase by Dr. Wichmann can _ be conven- 
iently divided into several tolerably distinct varieties, often entirely 
different in appearance and doubtless in origin. 

a. Julien’s “ Black Trappean Diorites”’ (provisionally so named), 
from L’Anse Iron Range [88+£'], (82*). See his descriptions of 
physical character in Mich. Geol. Rep., Vol. IIL. 

They are black, somewhat coarse-grained, highly crystalline. This 
variety has not been seen elsewhere south of Lake Superior. It re- 
sembles the “ trap-dykes” at the Washington mine (79, 94), embraced 
in Group EK. The serpentine (78) and related rocks [1659, 911°] have 
affinities with this group, of which they may be altered varieties. 

6. Associated with the above at L’ Anse, and also found in the Mar- 
quette quarries, is a more or less decomposed, mottled, yellowish, 
brownish and greenish, massive rock, medium to fine-grained, and 
sometimes a sand, which Dr. Wichmann designates decomposed dia- 
base [888 ‘] (122°) (121 °) (99’). 

ce. Here are embraced rocks which have heretofore been usually 
called chloritic diorites and dioritic schists, together with more mas- 
sive but related varieties. In their appearance and stratigraphical 
relations they are distinct varieties, and seem to be intermediate be- 


1 Julien, Mich. Geol. Rep., Vol. IT, p. 176. *Id., pp. 178, 179 (sp. 912, 918, 915). 

2 Julien, Mich. Geol. Rep., Vol. II, p. 180. 

‘Julien, Mich. Geol. Rep., Vol. II, p. 177. 5Id., p. 177 (sp. 889). ®Id., p. 170 (sp. 
321). t1d., p. 180 (sp. 8387). 
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tween the hornblendie rock and divrites on the one hand, and chlorite- 
schists on the other, Dr. Wichmann first called (70) a chloriti¢ schist, 
and later, diabase. The rocks at the “Gorge” on the M. I. & O. ft. 
It. (70), belong here, as well as similar rocks found in bed LX (31) 
and bed XT (526), Marquette region, In the Menominee region, bed 
AXVITL contains typical varieties of this class (2155, 2262], and also bed 
AVI (119), f2079]. A related rock is found in bed XVIT? [2059]. 
This class differs more widely in) physical appearance from (@) than 
from any other variety of greenstone. Were I discussing these rocks 
frum the standpoint of their origin, Io might regard the latter (@), as 
eruptive, and the former (¢), as metamorphic. Dr. Wiclinann  re- 
gards them all as having the former origin. 

d. Gray to blackish-green, medium to fine-grained, massive to 
semi-schistose rocks, intermediate in appearance between groups A 
and C, and more closely resembling Dr. Wichmann’s diorites than 
any other variety of diabase. They occur in the Marquette quarries 
(120,' 72), in the Huron Bay district [996%], and at Lake Gogebie 
(15019). The hornblendie and micaceous bed XIX, of the Menomi 
nee region, contains similar rock [2072], This was the first and almost 
only diabase recognized in lis preliminary determinations by Mr. 
Wright, who dues not apply this naine to as many rucks as Dr. Wich- 
mann does. 

e. The trap dykes of the Washington mine afford a green-black, 
massive, hard, heavy rock, quite unlike the other groups (79, 94°). 
A “trap”? from near Black river [1503], west of Gogebic, belongs 
here, as well as the Laurentian “ trap ” [13825], which is, however, 
much finer grained. This variety has not been observed in the Me- 
nominee region. 

B. Diorite. This term, used in my Michigan Ieport, 1873, as a 
synonym for greenstone, is here confined to those ercenstones in which 
the amphibole is black hornblende. To distinguish pyroxene char- 
acterizing diabase from hornblende which characterizes diorite is very 
difficult, hence many greenstones which have heretofore been termed 
diorites even by good lithologists, Dr. Wichmann includes under dia- 
base, greatly restricting the rocks to which the term diorite has been 
applied. ‘The so-called diorite-schists are nearly all excluded, being 
distributed under diabase, mica and chlorite-schists and kersantite. 

Diorite is abundant, especially in the eastern part of the Marquette 
revion, in bed XI? (118), but at no locality south of Lake Superior 


1 Julien, Mich. Geol. Rep., Vol. IT, p. 173 (spec. 827). 7Id., p. 179. 3 Id., p. 160. 
‘Julien, Mich. Geol. Rep., Vol. II, p. 181 (spec. 1110). *Id., p. 182. 
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seen by me are true diorites so abundant as in bed XVII}, exten- 
sively developed westerly of Lake Eliza, especially in Secs. 36 and 27, 
T. 40 N., R.17 E., Wis., where it is associated with and graduates 
into massive coarse-grained hornblende rock on the one side, and 
schistose varieties which graduate into micaceous, chloritice and argil- 
laceous schists on the other (2611-13, 3375-77]. See Plate VI and 
description, Chap. II. 

A gabbro-like variety is found in a heavy bed (XVI) on the Me- 
nominee river, between Sturgeon J*alls and the Big Quinnesec Falls 
(69)', (2113, 2070]. At the latter locality (in XVIII) occurs the 
coarsest variety of greenstone anywhere observed. Since the several 
lithologists who have examined this variety disagree as to whether 
they are true gabbros, I have employed the descriptive name of 
gabbro-diorite. Massive to semi-schistose, medium to fine-grained 
(and occasionally cvarse-grained) varieties are: (118), (75), [464, 37, 
479, 1726, 1453, 1401, 2280]. Altered [563, 1713, 1730]. Diorite- 
porphyry [2098, 2070]. Quartz-diorite (118). 

C. Gabbro. Messrs. Rutley, Wapler and Pumpelly have agreed 
in giving the name 4.24570 to acertain rather abundant, coarse-grained, 
massive to semi-schistose greenstone, with white to light-green com- 
pact feldspar and a peculiar gray-green amphibolic mineral. A hand- 
specimen of this rock from S:urgeon Falls (69) was first provisionally 
called “ porphyritie diorite ” by Julien (Mich. Geol. Report, Vol. IT, 
p. 210). Sines then it has been examined microscopically by several 
lithologists, three of whom have agreed on the name gabbro. The 
rock prevails in bed XVI as seen along the river [2098S] from Stur- 
geon Falls to the Little Quinnesec, and forms just below the latter 
pointa high ledge [2113]. At the Big Quinnesec Falls, the corre- 
sponding great greanstone bed has changed its character, and only one 
small bed of the gabbro-greenstone [2070] was observed at the foot of 
the great falls. Above the gneiss, however, and apparently in bed 
XVIII, this rock again occurs. This is the only locality where 
I have seen this rock in tl.e Huronian. Itsrarity in this series and 
the fact that it is a rather abundant variety of greenstone in the 
Copper series, possesses it with much interest. Diabase is the only 
other greenstone common to the two series. It is structurally like 
the other greenstones and holds slaty, chloritic beds, into which rock 
it very likely graduates by insensible transitions. 

D. Kersantite (Mica Trar). Certain gray to greenish-gray fine- 


1 Prof. Pump lly says of this specimen: ‘‘Saussurite-gabbro (or hornblende-gabbro) 
contains saussurite, diallage, hornblende. Identical under the microscope with the 
coarser crystalline rock of Upper Quinneses Falls.” 
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grained greenstone schists, quite abundant in the middle portion of 
the Upper Huronian at the Big Qainnesee (155), (2864, 2865, 2807, 
2872, 2005], on the Lower Brule (5259 to 3248], and on See. 27, T. 
40, 1.17 E., Wis. (3346, 3345], have been designated kersantites and 
hydro-miea traps, by Mr. Julien, based on a microscopic study of one 
thin-section (155) and inspection of others. These rocks are ccosely 
related to many of Dr. Wichmann’s diabase schists and related ehlo- 
ritie schists. The grayer color of these echists may help to identify 
them in the field. There ean be but little doubt but that they are 
altere 1 rocks. 

Those desiring fullerand more strictly scientific information regard- 
ing the greenstune group of rocks, are referred to the two following 
chapters under specimens (70, 72, 79, $2, 94, 99, 120, 121, 122, dia- 
base); (75, 118, diorite); (69, gabbro); (155, kersantite). Fur micro- 
scopic characteristics exclusively, see specimens [912, 913, 1110, 3079, 
9072, S84, 1427, 1501, 1859, 889, BUT), 1616, 2059, S21, 827, 2079, 
996, diabase]; [404, 3075, 37, 503, 2098, 192, 1730, 1725, 1713, diorite]. 

9. Syenite. Observed only in the Lower ILuronian near Mar- 
quette, associated with diorite, into which it seems to graduate. Rich 
in orthoclase (116'), [1724]. Hornblendic (77). For description 
of physical and microscopic characteristics of the above specimens, 
sce the two following chapters. 

10. Hornblendic Rocks. The Iuronian hornblendic rocks are 
conveniently grouped as follows: 

A. Blackish-green to black, medium to coarse-grained, massive to 
semi-schistose, the crystalline facets of the hornblende being without 
parallelism: (18, 22, 30, 123), medium grained; (SS),*° [21SS], (126), 

745],’ coarse-grained. Similar in general appearance are such dio- 
rite rocks as (75), such syenitic rocks as (77). Somewhat related is a 
diabase (S2)' from the L’Anse range. Lighter colored and still more 
like greenstones in appearance are (127), [1636], (71). 

B. The semi-schistose varieties of group A graduate into true horn- 
blende schists, blackish-green to black, medium to fine-grained, the 
hornblende facets being usually parallel with the schistose structure 
[1752], (125). Sometimes faintly banded (128), often micaceous (128, 
29, 71, 127), and associated with and graduating into mica schists, but 
rarely into greenstones; see bed XIX. Closely related in appearance 
are some fine-grained, black, Laurentian schists [1224,° 1229], but the 


1 Julien, Mich. Geol. Rep., Vol. IT, p. 161°(sp. 1720). 

* Julien, Mich. Geol. Rep., Vol. II, p. 140 (sp. 1039). *Id., p. 164. ‘Id., pp. 178-9 
(sp. 912, 913, 915). 

§ Julier, Mich. Geol. Rep., Vol. II, p. 193. 
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hornblende facets are always longer and parallel with each other, pre- 
senting a marked broken, fibrous appearance. 

C. Dark, olive-green, fine-grained; splits unevenly, presenting a 
semi-conchoidal fracture, and presenting no discernible crystalline 
facets of hornblende; luster dull and somewhat like chlorite [217], 
2172, 2177]. The rock is often chloritic, and graduates into and is 
associated with chloritie schist (2170). Certain intermediate varieties, 
apparently somewhat altered, have been called diabase by Dr. Wich- 
mann [2155]. Mr. Wright designates the hornblendic varieties, am- 
phibole, which conveniently distinguishes them from group B, with 
which they have comparatively little resemblance in physical char- 
acters. 

D. The rocks classed here are intermediate in character between 
hornblendic rocks and greenstones, and are subdivided into: 

a. Lightish-gray-green, fine-grained to erypto-crystalline, massive, 
often possessing a jointed structure. The constituent minerals can- 
not usually be discerned even with the loupe. Whether they are 
diorites or hornblendie rocks can only be determined by the micro- 
scope [2122, 2051, 113]. Ilere belong certain gray-green, usually 
fine-grained schists, which have heretofore often been denominated 
dioritic. A feldspathic mineral is believed to be present, and whether 
the hornblende prevails to the extent of making it a hornblende schist, 
ean only be determined by the microscope. They are generally 
chloritic in appearance and sometimes gneissic (76), (2052, 1086,! 
8177]. Compare also (1761, 527, 325, 1614, 1528,3 2261, 1099,* 1103, 
1087,° 2089]. 

Diagram showing the transitions of hornblende into associated rocks : 

GNEISS. 

Mica-Schist. 

Hornblenidic Mica-Schist. 
Micaceous Hornblende-Schist. 


Hornblende-schist. 


"SSIQUY)-IPUITGUIO FY 
Chloritic Hornblende-schist. 
Chlorite Schist 


Feldspathic Hornblende rock. 
Diorite. 


1 Julien, Mich. Geol. Rep., Vol. I, p. 136. *Id., p.175: Id., p.171. ‘Id., p. 168. 
5Id.,p.156. Id. p. 136. 
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Those desiring fuller and more strictly scientific information re- 
garding the hornblendie group of rocks, are referred to the following 
chapters under specimens (1S, 22, 50, 123, 126, 20, 76, $8, 124, 125, 
71, 127, 128). For microscopic characteristics exclusively, see speci- 
mens [1752, 2IGT, 745, 1036, 2261, 2124, 1761, 527, STL, 8029, 2182, 
3070, B25, 1614, 1528, 2051, 2122, 1099, 3022, 1103, 1087, 2089, 2135, 
2061, SIT, 113]. 

11. Actinolite Schist. There are two varieties: A. Typical. 
This is found only in Vine river district, Wis., in the Upper Huronian 
(129), [219s], and is very coarse; the radiated fibrous crystals being 
often an inch or more in length. A very soft variety which hardened 
on exposure to the air, contained over 6 per cent. of water, and was 
apparently changed to chlorite. A variety of this rock is associated 
with the hornblende schists at the base of bed XIN, northwest of the 
junction of the Pine and Poplar rivers, and at various points in the 
extension of bed AIX to the northwest. 

-B. slagnetic, in which the amphibole mineral is acicular and some- 
times plumose, closely resembling anthophyllite. Sume weathered 
specimens submitted to Prof. Brush were named anthophyllite schist, 
and are so designated in my Michigan Report. Dr. Wichmann eare- 
fully examined this mineral, and finds it to be undoubtedly actinolite. 
This variety makes up bed AVIT, Marquette series, where it is man- 
ganiferous and ferruginons. It is related to cklogites, or the latter 
may be a garnetiferous variety of it. 

Magnetic actinolite! schest is very abundant westerly of Lake Eliza 
on Sees. 36, 35, 34, 27, 26, 25, T. 40 N., R17 E., Wis. It oceurs in 
certainly two, and possibly in three, distinct beds of the Upper IIu- 
ronian. See Plate VII. The iron-oxide present seems to be a psendo- 
morph after the actinolite crystals, and is black, red and brown (153, 
130), (2560, 2676, 2686]. The alteration is sometimes so complete as 
to produce an ore of iron (153), already mentioned. 

a. Gray-green and black, magnetic and manganiferous (58, 59) 
[1116,? 1115,” 1032,* 1033‘), from bed XVII, Marquette region. 
Compare (130), (221, 308, 177 

b. Macnetic, quartzose, containing arenaccous quartzose Jaminze 
and red hematite [2241, 2192], bed XV, Menominee region. 

e. Garnetiferous actinolite schist (eklogite) (27), [1U88],* from bed 
X, Michigan, and (151) from XIII, Menominee region. 


ra 
1 According to Julien, possibly tremolite. 
*Julien, Mich. Geol. Rep., Vol. Il, p. 92. *Id., p. 93. * Wright, id., p. 223, 
* Julien, Mich. Geol. Rep., Vol. II, p. 91. 
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Those desiring fuller and more strictly scientific information regard- 
ing the actinolite group of rocks, are referred to the two following 
chapters under specimens (129, 105, 58, 131, 152). ‘or microscopic 
characteristics exclusively, see specimens [2198, 2238, 221, 308, 1116, 
1155, 2241, 177]. 

12. Tremolite Schist. Mr. Julien has applied this name to cer- 
tain rare varieties of rock belonging to the youngest Huronian as 
developed southwest of Sturgeon Falls [2480] on the Menominee, and 
between Norway and Long Portages on the Michigamme [2390, 
2462]. Prof. Pumpelly, however, says of one of the latter [2390], 
that it consists predominantly of plagioclase, and of hornblende and 
biotite. | 

13. Garnetiferous rocks. This rock is rare in the Fluronian and 
has been observed, so far as I know, only at the places mentioned 
below. As an accessory mineral, garnet is not infrequently found in 
micaceous, hornblendic and chioritic schists, especially in the more 
typical varieties of the latter, which often holds very large impure 
crystals. Closely related to eklogite, and differing apparently in the 
substitution of a micaceous for the amphibolic mineral, is a highly gar- 
netiferous schist containing magnetite and associated with magnetic 
mica schist, observed only near the corner of Secs. 5, 6, 7 and 8, T. 41, 
R. 30, Mich. (150). 

A. Eklogite. Tare; [1091] and (27), both from the Marquette 
region. Sce class ¢ of actinolite schists. On the north side of the 
great conglomeritic quartzite, S. E. qr. Sec. 13, T. 39, R. 17, is a sim- 
ilar rock (151). 

For description of the physical and microscopic characteristics of 
the above mentioned specimens, see the two following chapters. 

14. Mica Schist. The mica-schists may be conveniently divided 
as follows: 

A. The mica chiefly biotite, and often staurolitic. Brown, fissile, 
soft, slaty, shining, fresh surface, often corrugated, the cross-fracture 
showing grains of quartz. Characterizes bed XIX, both in the Mar- 
quette and Menominee regions [2145, 2146, 2162, 2163]. Through 
the accession of other minerals, we have a blackish mica-schist, with 
crystals of staurolite, andalusite, and often garnet, around which the 
mica leaves warp themselves, producing a warty schistose structure 
(61)! [2160]. This staurolitic mica-schist, bed ATX, is more persist- 
ent in its lithological character than any other of the series, save, 
perhaps, the quartzite-marble bed V. 


1 Julien, Mich. Geol. Rep., Vol. II, p. 155. 


MINERAL COMPOSITION, TRANSITIONS, ETC. Bee 


B. A hard, firm, gneissic variety, having much resemblance to the 
German schicfer-gneiss, occurs at the portage of the Paint river 
(1252]'; and north of the north iron belt, in the Menominee region, 
ig apparently the same formation. A variety in which hornblende 
prevails (128) is abundant in bed XIX, especially south of Pine river, 
where the staurolitie variety has not been observed, For a rare 
massive, seini-porphyritic variety, see typical suite (108). 

C. Dark-green mica-schist, resembling chlorite, with minute wavy 
structure, like B, but holding none of its accessory minerals, and asso- 
ciated with and probably an altered form of the greenstones, occurs 
in bed XI, Marquette region (107), [527, 537, 2106, 931). Compare 
Also (20538, P222, 225, 2239, 2254, 442], which have been ealled chlo- 
ritic and taley, and are not intimately associated with greenstones. 
A rare but beautiful, greenish to blackish, variety (biotite schist) 
occurs in the middle portion of the upper Huronian, W. and S. W. of 
Lake Eliza (2638, 2051, 3370]. 

D. Light-gray, anctuous-feeling, soft, slaty schist, probably hydro- 
micaceous; only found with iron ores in bed XIII, Marquette region 
(93, 54). These rocks closely resemble the so-called tale-schist [10ST] 
of the Washington mine as well as the sericite schists of the Menom- 
ince region (112). 

KE. Iron-gray, lusterless, feldspathic or argillaceons obscure mica- 
schists, with ragged, splitting surfaces, holding leaves of black mica 
to be seen on the splitting surfaces. Apparently intermediate in char- 
acter between argillites, mica schists, and chloritic schists [1101], 
(1043). Related is the obscure feldspathic mica schist (103) of typical 
suite. 

F. Garnetiferous and magnetic, blackish mica schist, splitting on 
bedding planes into thick slates, with glistening surfaces (109). This 
rare rock is associated with the equally rare garnet rock (150) in the 
Lower IIuronian of the Menominee region, into which it graduates, 

In the clay-slate bed XV, Marquette region, non-magnetic garnetif- 
erous mica-schists (phyllite) occur (56). A related rock (108) occurs 
on the Pine river, Wis. These varieties lead us naturaily to the next 
variety: 

G. Phyllite, which is the transition varicty, connecting clay-slate 
and mica schist (111, 108, 56). Dr. Wichmann describes calcareous 
and actinolitic varieties, which are not common [1100, 2255], (105). 
The rocks which he finds characterized by muscovite, are so scattered 


1 Julien, Mich. Geol. Rep., Vol. II, p. 150. 
* Julien, Mich. Geol. Rep., Vol. II, p. 116. #Id., pp. 105, 106. 
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stratigraphically and geographically that the attempt to group them, 
according to the plan of this chapter, would be futile. 

Those desiring fuller and more strictly scientific information regard- 
ing the micaccous group of rocks, are referred to the two fullowing 
chapters, under specimens (61, 109, 53, 90, 104, 105, 108, 103, 106, 
$9, 156, 110). T’or microscopic characteristics exclusively, see speci- 
mens [2162, 2163, 327, 1101, 1102, 2087, 2212, 2254, 2090, 2255, 2058, 
2222, °2225, 2959, 419), 

15. Hydro-Mica Schists. From the beginning, “soap-rock ”’ was 
a common term among the Marquette iron miners for certain soft, 
gray, pearly, greasy-fecling schists, found associated with the ores, 
and even as late as Dr. Credner’s excellent paper,® beds of tale schist 
constituted important members of the Huronian series. The investi- 
gations of Dr. C. Dewey and others have proved that most of the rocks 
of this class have some hydro-mica as their essential constituent. The 
studies of Lake Superior rocks by Messrs. Wichmann and Julien have 
so diminished the number of the so-called tale schists, that, as has already 
been remarked in speaking of this group, it is questionable if any true 
undoubted tale rocks, to the extent of constituting beds, remain. On 
this point the experts are not entirely agreed. (See tale schist, and 
Nos. 53, 54, 74, in following chapter.) 

So far as Dr. Wichmann’s investigations extend, sericite is the only 
hydro-mica observed (112). So insensible is the change of this rock 
into argillite, and so dithcult is its determination in thin-section 
under the microscope, that chemical analysis must often be resorted 
to here as well as in separating it from the tale-schist. The soft and 
friable character of this rock prevents it being seen in ontcrops unless 
exposed by running water, as is the case on a large scale in the north 
bank of the Pine river, in See. 34, T. 40, R. 17 E., Wis. [2731 to 2733]. 
The cleavage and jointing are more perfect here than has been observed 
elsewhere in this rock. Pencils of lozenge section, and less than 4 
inch on a side, were obtained over a foot in length. This remarkable 
bed, which is believed to have avery considerable extension W. by N. 
and S. by E. under the drift-covered area, is undoubtedly Upper Hu- 
ronian, and most likely in bed XV. Whether this Pine river hydro- 
mica schist belongs to the ferrnginous clay-slate bed XV or not, the 
same rock is found in that bed northwest of Lake Eliza (3417, 3422], 
and a closcly related, possibly argillaceous, rock occurs east of the 
Commonwealth mine [8452, 3453]. Following this horizon (the lower 


"See, also, Dr. Hunt’s remarks on mica schists under Montalban rocks, in appendix. 
* Zeitschrift der Deutschen Geologischen Gesellschaft, XXI Band, 1869. 
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part of the Upper ILuronian), we find at the Big Quinnesec Falls an 
iinportant bed of true sericite-schiot, as first determined by Dr. Wich- 
mann (2071, 2862}, Still further in the same direction below Stur- 
geon Falls, and in a younger bed, is a schistose mixture of sericite and 
red orthoclase, furmerly called protogine, but which Dr. Wichmann 
terms a sericite-gneiss (147). Passing to the base of the Middle ILu. 
ronian, about which comparatively little is known except that it must 
be made up cf soft rocks because nearly everywhere covered by drift, 
we find reposing on the iron-ores, VI, well-exposed at the Wulean 
mine [298s8, 2980] and in test-pits in the south part of See. 31, T. 40, 
R.30 W., Mich. (2042 to 2945], a thick and important bed of sericite- 
schist, gray, red and mottled, graduating into and associated with 
several varieties of clay-slate. This formation we designate as bed 
VIT. It is doubtful if it is sharply divided from the iron-ores, and 
beds of hydro-mica schist will undoubtedly be found interstratitied 
with the latter, since this is everywhere the case in the Marquette 
recion (53, 54) [1081]. This rock, however, has not been observed in 
the latter region in anything like as extensive beds as those above 
described. 

I submitted some bits of this group of rocks to Prof. Dana, who re- 
marks: “ The conclusion you express respecting talcose schist is that 
I have reached from my study of Vermont slates and those of other 
parts of New England. The analyses made by Mr. Barker, and 
others by IIunt, prove this with regard to the Vermont “ talcose ” 
schist, and the Vermont Report consequently used the term tulcoid 
schist. The name Aydro-mica is a general one for them, whether 
damourite or sericite in composition. In fact, owing to the presence 
often of some free quartz, chemical analysis could not obtain uniform 
results. ILunt’s parophite, arock in Vermont, I am confident is of 
the same nature; it is in the Mineralogy under pn ‘te, and it is an in- 
teresting fact that the varieties of pinite have essentially the compo- 
sition of a hydro-mica, it being a hydrous potash-alumina mineral. 
* * * It is not possible to mark the limit between the hydromica 
schists and the argillites on one side, and fine-grained mica-schists on 
the other. Decidedly greasy is the characteristic.’ + 

16. Gneiss. No typical mica-gneiss was found in the iron-bear- 
ing series so far as made out by me in the Marquette region, but Dr. 
Rominger considers certain granitic and gneissoid rocks north and 
west of Marquette, which I did not study but regarded as Lauren- 
tian, to belong to this series. I have but little doubt but that the 


1See, also, Dr. Hunt’s remarks on unctuous-feeling schists in appendix. 
Vou. Il. — 34 
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younger Unuronian rock made out in the Menominee region (the gran. 
itic bed XX) will yet be identified in the Marquette region, and will 
be found to be more or less gneissic. The very rocks mentioned 
above may possibly be Upper Huronian; the granites, etc., southwest 
of Michigamme lake very probably are. 

In the Menominee region gneiss is quite abundant in the Upper 
Huronian, not only as occasionally occurring in the granitic bed X X, 
but forms a distinet bed (XVII), occasionally granitic [2896], which 
is strongly developed on the Michigan side along the upper part of 
the Big Quinnesee rapids, where it is associated with chloritic schists 
and greenstones. An “augen” variety is found here (157), (2910, 
2346]. The same beds outcrop extensively through the center of the 
east half of Sec. 24, T. 39, R. 17 E., where the black mica forms 
minute lenticular lamina (146). 

A. The gneiss above named as characterizing bed XVII, presents 
besides the “ augen ” variety (not abundant), the following: (a). Fine- 
grained, schistose to sub-schistose, very hard, feldspathic and mica- 
ceous rock, weathering red on surface [2349]. (b). Typical gray gneiss 
with small crystals of triclinie feldspar, and large rare ones of ortho- 
clase. Mr. Julien classifies these as biotite-gneisses, [2875 to 2880, 
9908 to 2914]. Dr. Wichmann found what he regards as original 
calcite in the same rock (146). (c). Ilornblendic varieties occur, 
through which the rock graduates into hornblende-schist and probably 
chloritic schist. 

B. Mornblende-gneiss occurs in bed XIX, south of the Pine river 
near the Poplar, (117), [2761], and at afew other localities, (2120, 
1762, 2105, 2805]. 

C. Sericite-gneiss (147), formerly called protogine, is found in bed 
XVII, at Sturgeon Falls on the Menominee. At Big Quinnesec, in 
an older bed is a somewhat similar rock, called sericite-schist, [2071]. 

D. Granitic-gneiss, often porphyritic, occurs as a semi-schistose 
variety of the granite of XX, [2859], and rarely in bed XVII, [2896]. 

E. A provisionally named protogine conglomeritie gneiss (65) 
occurs as the lowest IIuronian rock at the falls of Sturgeon. In the 
typical suite several interesting specimens are described (102, 146, 
117, 3, 7). Others of interest in the general collection are [1656, 
2069, 1757]. 

F. An obscure, green-black, semi-schistose variety, resembling in 
physical character some greenstones, is found associated with the 
great quartzite bed XIV, in the vicinity of Lake Eliza (2748, 2746, 
9822, 3437]. A related rock in appearance occurs west of the lake, 
and belongs apparently to a younger bed [2667]. 
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Gr. On the south side of the Big Quinnesee basin are chloritic 
gneisses [2850, 2852), which illustrate the transition of this rock into 
chloritic schist, often associated with it in this vicinity. 

Those desiring fuller and more. strictly scientifie information 
revarding the gneissie rocks, are referred to the two following chapters, 
under specimens (102, 146, 157, 3.80, 7, 117, 147). For microscopic 
characteristies exclusively, see specimens [16 41, 1656, 146, 2069, 2234, 
O44, 1, mica], (1762, Qh20, 2211, 2105, hornblende], (1757, diorite], 
(e003, chlorite], (2271, sericite]. oe a 

17. Granite. Until my survey of Is74, granite vf ILuronian age 
was not known, except as a small dyke at Felech Mountain. It is now 
certain that the large granite area south of the Quinnesee falls (2129, 
OS59], in Wisconsin, the granites and gneisses north of the North Iron 
belt (2421, 2425], and those between the Lower Michigamme and Paint 
rivers (101) [5838 to 5541], overlie eonformably the younger ILuronian 
schists, into which they send dykes. Exeept near the contact with the 
underlying schist, evidence of bedding is very rare, pointing towards 
its possibly being eruptive: e.g. a great overflow at the end of the 
Iluronian period. We have designated it bed XX, and, 80 far as made 
out, it is the younvest Huronian rock in the region. 

I think it is probable that the extensive granitic belt southwest of 
Lake Michigamine may be the equivalent of the granite! The work 
being done by Messrs, Irving and Wright in the Penokee range will 
undoubtedly throw light on the question of whether the granite area 
which there divides the Iuronian and Copper series is of the same 
ave, as conjectured by ime. 

Those desiring fuller and more strictly scientific information re- 
garding the granitic group of rocks are referred to the two following 
chapters, under specimens (101, 96). For microscopic characteristies 
exclusively, see specimens [1715, 1749, 2129]. 

18. Porphyry. No well characterized felsite porphyries have 
been observed by me in the Iuronian of the Menominee region, nor 
between Marquette and Bad river, Wis. Julien provisionally called 
No. (83) “green porphyry,” but Dr. Wichmann, after careful study, 
determined it to be diabase, having some of the qualities of serpen- 
tine. It is probably an altered rock. In Central Wisconsin, accord- 
ing to Chamberlin (Geol. of Wis., Vol. If, pp. 249-251) and Irving 
(ditto pp. 919-621), bedded porphyries are very abundant in association 
with quartzite in a series of rocks which they assign to the Huronian 


period. 


1See my article on ** The Youngest Huronian Rocks South of Lake Supericr, and the 
ave of the Copper- bearing Series," Am. Jour. Sci., Vol. XI, March, 1878. 
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In Foster & Whitney’s Report,! Part 2, p. 26, etc., are several men- 
tions of porphyritic rocks seen on the Menominee between Peminee 
and Quiver falls, and from the former locality I have collected speci- 
mens, although beyond the limits of my survey. Mr. Julien has de- 
scribed and named them under porphyrites (158, 159). The talcose 
slates, “porphyritic with large crystals of red feldspar,” mentioned 
by F. & W., were not seen. Besides, at this locality, a related rock 
was found 1,500 paces W. of the S. E. corner of Sec. 21, T. 41, R. 32, 
Mich., associated with the granite of bed XX, hence occupying, as 
near as I can determine, the same stratigraphical position as the Pem- 
inee falls series, 2. ¢., youngest Iluronian. These two localities are 
the only ones in the Upper Peninsula of Michigan, or in extreme 
Northern Wisconsin, where I have observed rocks of this class in the 
H[uronian series. 

The porphyries mentioned in Owen’s Reports as occurring on the 
Minnesota shore of Lake Superior, nay be of the same age. The 
abundance of porphyry pebbles in the conglomerate of the Copper- 
series also points strongly towards their existence in the rocks of the 
next older period. Ido not find that the Canadian geologists have 
observed porphyries either in the Huronian or Laurentian bordering 
the great lakes. For additional notes regarding these rocks, see the 
following chapter, under Nos. 158 to 161; also, Dr. Hunt’s remarks 
on porphyries in Appendix. Unfortunately no rocks of this class 
were submitted to Dr. Wichmann. 

19. Serpentine. Serpentinoidal rocks, apparently altered green- 
stones (78), and having somewhat of an eruptive character, are rare. 
At the Sturgeon falls are related rocks [1247 » 2263], as well as in the 
L’ Anse Iron range (83). The locality of the serpentine on Presqu’ isle 
[876 *], described by Foster & Whitney, is classical, but still there is 
some uncertainty as to its age. It is probably Huronian, and presents 
some of the phenomena of an eruptive mass." 


1In Part 1, p. 70, they mention “‘ porphyritic traps '’ and “‘ quartzose porphyry °’ as 
occurring in the Copper series of rocks. 

? Julien, Mich. Geol. Rep., Vol. IT, p. 166. *Id., p. 160. 

‘See Appendix for Dr. Hunt's remarks on serpentine. 
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CHAPTER IV. 
DESCRIPTION OF TYPICAL ROCKS. 


Description of a suite of typical rocis, from the Huronian series 
south of Lake Superior, embracing 162 apecimens, and believed to 
mnelude all kinds and the chicfh varicttes. 


The selection of this suite has extended through twelve years, and 
embraces the most interesting varieties from my collection of Iuro- 
nian rucks of over 4,000 specimens. A brief mention was made of 
specimens 1 to 81 under provisional names, in Appendix B, Mich. 
Geol. Report, 1873. Including the Wisconsin suite sent to Madison, 
twenty-seven duplicates of these rocks were distributed to cabinets, 
institutions and individuals in various parts of the United States and 
Europe.! 

In 1876, the collection had increased to 145 specimens, and a con- 
siderable number having been determined by competent lithologists, 
a “classified list’? was published in the Amer. Jour. of Science, Sep- 
tember, 1876. The 162 specimens now constituting the collection, 
embrace, as I believe, all the ILuronian rocks found by Messrs. Irving 


1University of Michigan, Ann Arbor, Mich.; Michigan State Library, Lansing, 
Mich.; State Agricultural College, Lansing, Mich.; Hillsdale College, Hillsdale, Mich.; 
Kalamazoo College, Kalamazoo, Mich.; Adrian College, Adrian, Mich.; Albion Col- 
lege, Albion, Mich.; Olivet College, Olivet, Mich.; Boston Institute of Technoiogy, 
Boston, Mass.; Harvard University, Cambridge, Mass.; School of Mines, University of 
Pennsylvania, Philadelphia, Pa.; School of Mines, Columbia College, New York; 
Union College, Schenectady, N. Y.; Cornell University, Ithaca, N. Y.; Smithsonian 
Institute, Washington, D. C.; Sheffield Scientific School, Yale College, New Haven, 
Conn.; Stevens Institute, Hoboken, N. J.; Washington University, St. Louis, Mo.; 
The State Cabinet, Madison, Wis.; Royal School of Mines, Stockholm, Sweden; Royal 
School of Mines, Freiberg, Saxony; Museum of Practical Geology, London, England; 
Canadian Geolovical Survey; United States Military Academy, West Point, 
N. Y.; Prof. Raphael Pumpelly, Owego, N. Y.; A. R. Marvin, Esq., Cambridge, 
Massachusetts (after Mr. Marvin's death, this suite was donated by his widow to the 
University of Leipsic); Alexis A. Julien, Esq., School of Mines, New York; J. Blodgett 
Britton, Esq., Philadelphia, Pa. (It may be well to state that these collections were 
made by Maj. Brooks personally, and are independent of those distributed by the Wis- 
consin survey, in accordance with legal requirement. —T. C. C.) 
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and Wright in Wisconsin, and not before represented. A few familiar 
rocks under new names, or from new and important localities or beds, 
have been added. 

The suite is now deposited, with my entire collection, including 
several hundred thin sections, in the American Museum of N acne 
Ilistury, New York city, where it is available for study; and I hope 
sometime to publish a final and revised descriptive catalogue, which 
shall bring the nomenclature up to the then present state of lithology. 
It is my intention to duplicate it for exchange; meantime the best 
half is available to students from tle wide distribution of duplicates. 
By condensing, as it were, the chief lithological interest on a com- 
paratively few specimens selected with great care, the studies and 
comparisons of those who have not time nor inclination for protracted 
work, is greatly facilitated. These smaller suites can be duplicated 
and scattered, while the few great collections must remain in one place 
necessarily inaccessible to many who might desire to consult them. 

In the following alphabetical index of specimens, the free use of the 
interrogation point signifies either provisional or doubtful names, 
some obscure specimens having as many as four names under which 
they are indexed. 

The preceding chapter may be used as one kind of lithclogical 
classification, and the Table of Sequence as a stratigraphical and 
geographical arrangement of this collection, the specimens of which 
are here arranged andek the collection-numbers. 

The final names, descriptions of thin sections, and many of the 
comparisons with rocks of other regions, are by the following-named 
gentlemen, who have examined either the hand-specimens or thin 
sections of the rock of this suite under which their observations ap- 
pear: Samuel Allpert, Geo. J. Brush, T. Sterry Hunt, Geo. W. 
IIawes, Alexis A. Julien, Raphael Pumpelly, Frank Rutley, A. E. 
Tornebohm, Chas. E. Wright and Arthur Wichmann. 


Nos. 1, 4, 14, 60, €2, 63, 80, 86, 87, 92, 93, 95, 100, are wanting. Nos. 140, 143, 141, 
78, 116, 118, 79, 82, 120, 102, 117, 104, 109, 107, 106, 129, 58, 123, 126, 124, 125, 127, 
59, 89, 134, 112, 27, 37, 12, 139, constitute R. Fuess’s (Berlin) ‘‘ Selection No. 8. Thirty 
thin sections of Typical Huronian rocks from south of Lake Superior, from collection of 
Major T. B. Brooks.”’ 


ALPHABETICAL INDEX. 


Actinolite schist, 105, 129. Argillaceous schist and slate, 20. 
Anthophyllo, 1302. Chloro- 114 ?. 
Magnetic, 58, 131, 152. Feldspathic, 122, 282, 55 ?, 182°. 
Anthophyllite- schist, 27?, 03 ?. Micaceous, 56 ?. 
fagnetic, 130?. Augite schist, micaceous, 107. 
Manganiferous, 59?. Biotite schist, 156. 


Antholite schist, 58 ?. Carbonaceous schist, 64?. (See clay slate.) 
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Alphabetical Indes — (continued ). 


Chert-breecia, Ry, 
Chhiastolite schist, P49 Mieaeeous, 249, 
Chiontic schist, 10%, 0, G02, 75, 70%, LY. 
Actinolitie, 14. 
Peldspathie, a) ee ee 
Magnetic, 2s, bog, 
Micaweous, So, blu, 233, 
Porphyritie, 64, 
Chloritie Potstone schist, 732, 
Clay alates, lo%, 1%, bbe, 20, 732, 74, 
ST, Ob, T13, 114. 
Carbonaceons, 64, 115. 
Micaeeous, PED, 
Diubase. 7. 72. 74, 82, 98, 99, 120, 121. 
Quartz, 122. 
Dionte, IN 4, 502, 692, 722, 75, 772, 799, 
116%, 127, 
Chiloritic, 712, 1192 
Maunestan, 72. 
Micaceous, 22%, 
Quartz, LIS. 
‘Trappean, S29, 949. 
Wacker chloritie, 2, 
Dioritic schist. 20%, 70, Tb, 
Micaceous, 1U7 ?, 
Dolomite, 11, 143. (See limestone.) 
eklogite, 27, lol. 
Flage-ore. 
Siheeous magnetic, 23. 
Actinolitic, 153. 
Gabbro, 642, 
Gamet rock, 272, 150. 
Gineiss, {h), 
Riotite (Augen), 157, 
Chioritic. 3, 40. 
Feldspathie, 7. 
Hornblende, 117, 
Mica, Lo2. L6G. 
Sericite, 147. 
Syenite, 117. 
Granite. lvl. 
Ferruginous, 96. 
Grannhite, 3%, 
Graphitie schist, 115. 
and clay slates. 
(ireenstone, 1222. See Diorite and Dia- 
base. 
Aphanitic, magnetic, 15?. 
Porphyritie, &5 2. 
Greenstone schist, 103, 1552, 
Micaceous, 31%, 120%. 
Caleareous, 121 ?. 
Hematite, 5, 67, 135, 136. 
Ochrey, 25, 34, 35, 
Manganiferous, 24. 
Magnetic, 43. 
Kaolinic, 4. 
Hornblende rock, 18, 22, 20, 106?, 123, 
16. 
Hornblende-schist, 29, 76, 88, 124, 125. 
Micaceous, 71, 127, 123. 


See Carbonaceous 


Hydro-mica state (Staurolitic), 54? Soe 
Sericite, 
Jisper-sehist, 87, 84. 
Jisper-breecta, so? 
Kersantite (Mica Trap), 155, 
Limestone or Marble, 9, 11%, 
Dolomite, 9, 66, 142. 
Ferruginous, 47, 
Mieacrous, [44. 
Siliceous, D4). 
Tremolitire 9, 1429. 
Magnetite, 89, 40, 41. 42. 
Actinolitie, 102 
Chlontie, 17. 
Hornblendie, 148, 
Martite rehist. 2. 
Mica schist, 63, 049, 562, 90, 104, 109. 
Actinolitie, 105. 
Chloro- JOS, 
Feldspathie, 103, 
Hormblendie, 106, 
Staurolitiferous, Ol, 
Tremolitie, SY. 
Biotite schist, 156. 
Mica slate, 110. 
Magnetie, 15, 
Mica trap (kersantite), 155, 
Micaceous-iron schist, 46, 49. 
Novaculite, 10, 12, 13. 
Phyllite, 111. 
Plumbaginous schist, 642 (See carbona- 
ceous and clay slate.) 
Porphyry, quartz, 161, 162. 
Porphynite, Los, 159, 160, 
Protugine, 1022, 1472. 
Conglomerate, 659. 
Quartzite, & 21, 50, 137, 159. 
Chioritic, 13%, 
Quartz-conglomerate, 145. 
Micaeeous, ol. 
Quartz-schist. 
Limonitie, 26. 
Magnetic, 19?, 199, 52, 23. 
Micaceous, 140, 146 2. 
Micaceous-iron, 16?, 32, 33, 36. 
Ochrey, of. 
Sandstone, 139%. 
Sericite-schist, 54, 112. 
schist.) 
Gneiss, 147. 
Serpentine, 78, $3, 1222. 
Siliceous schist. 
Magnetic, 19. 
Taleose, 15°. 
Specular schist and ore, 2, 5, 6, 16, 38, 43, 
44, 45, 47, 48, 68, 154. 
Syenite, 116. 
Quartzose, 3?. 
Hornblendic, 77, 
Tale schist, 43%, 54?, 74, 1122. 
Turgite schist, 9%. 


(See hydro-mica 


No. 2 (3002 ').— Martite schist (Julien) (porous, granular, specula. 


1 The numbers in brackets are the collection numbers. 
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ore). Compare Nos. 43, 44. Differs from Julien’s No. 239, Mich. 
Rep., Vol. II, p. 123, in being cellular and containing kaolin. Is 
rather fine-grained, slightly magnetic, massive, pseudomorphous after 
magnetite. Sp. Gr. 4.12 to 4.39. ich in metallic iron and valuable 
as an ore. 

Loc. Below bed V near “Old Michigan Mine,” in a small, irreg- 
ular, possibly seggregated, mass in schist. A similar ore, but less 
porous, is found in bed XIII, Marquette region, and also in the 
Menominee region in bed VI. The Gillmore and Chippewa ores in 
the same horizon are related. See Mich. Geol. Rep., Vol. I, p. 94. 
In neither case does the amount seem large. 

No. 3 (3003). — Chlorite-gneiss (Wichinann). Tas also been called 
talcoid gneiss. Compare Nos. 65 and 102. Has much resemblance 
to Laurentian chloritie gneisses and to Huronian protogine gneisses. 
Greenish- gray, semi-schistose, weathering brown. Sp. Gr. 2.65 to 2.76. 
Constitutes a bold east and west ridge two miles north of Clarksburgh, 
probably bed V, as large quantities of a similar rock are found in 
Secs, 25, 26, 27, 28, 29, T. 47, R. 27, replacing or associated with the 
quartzite of bed V. Related rocks, believed to be Laurentian, occar 
in See. 16, T. 49, R. 33, L’Anse Iron District. See Julien’s Nos. 298, 
299, Mich. Geol. Rep., Vol. II, p. 154, and remarks, p. 31. 

“ The feldspar-constituent is chiefly represented by orthoclase, which 
is much altered. The change starts from the fissures, and numerous 
scales of a mica-like mineral have been derived from it. Plagioclase 
is recognizable by the twin-lamellation, which it shows in polarized 
light. The large pellucid granules of quartz contain many fluid- 
enclosures and some colorless microlites. Membranes of hydrated 
oxide of iron occur in the fissures. Chlorite is less abundant than 
the above mentioned constituents. It forms irregular green scales 
and folia, which generally are aggregated in clusters. Small indi- 
viduals of hornblende appear but are not of frequent occurrence. A 
little apatite is present in orthoclase.’— Wichmann. See, also, his 
report, § 106, for a description of this rock. 

“Has sore resemblance to certain reddish gneisses that are found 
in some parts of East and West Gothia and even elsewhere. These 
are, however, not common or well-defined types among the Swedish 
gneisses. The same may be said of Nos. 65, 80, and (870).” !—Torne- 
bohm. | 

“ The section of this rock under the microscope is seen to consist 
of irregular patches of quartz composed of aggregates of crystals, of 
feldspar somewhat altered, and finely disseminated scales of a green 


1 Julien, Mich. Geol. Rep., Vol. II, p. 143. 
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mineral which is dichroic and may be either chlorite or hornblende, 
for the most part probably the latter. The rock is some form of 
gneiss or pranulite. Other minerals than those specified may be 
present. The feldspar appears, at all events, partly to be orthoclase.” 
— Rutley. . 

No. 5 (3005). — Fine-grained Hematite schist (siliceous specular 
ore), Compare Nos. 6, 6%, 43. Related to Julien’s No, 240, Mich. 
Rep., Vol. If, p. 123.) Numerous small, ill-defined octahedra; ocea- 
sivnal minute quartz veins; somewhat hard; feebly magnetie; schist- 
ose to massive, the latter being far less common. Sp. Gr. 2.65 to 
2.76. An averave sample gave Chandler and Cairns: Fe? O* $3.70, 
MnO, trace, AFU* 3.34, CaO.75, MgO .34, S .03, POS 24, SiO? 
10.67, ILO .87, = 99.94. 

Loe. Below bed VV. West-End Pit, Caseade Mines. .A| worka- 
ble layer of a good quality of specular ore, associated with the quartz- 
ose hematitie flags (No. 6) which prevail. Similar, but more quartz- 
ose than the massive varicties of ore from bed XIII, Marquette, and 
more like that in See. 31, T. 42, R. 29, bed VI, Menominee region. 
See Julien’s No. 239, Mich. Rep., Vol. IH, p. 123. Tas been smelted 
for several years. 

No. 6 (8006).—Granuliferous specular-iron schist (Julien) 
(bird’s-eye ore). Iesembles, except in granules, No. 68. Compare Nos. 
88, 45. Less rich in iron than Julien’s No. 237, Mich. Rep., Vol. I, 
p. 122. Made up of micaceous-iron, with considerable siliceous mat- 
ter, in which are imbedded numerous small grains of decomposed 
garnets (2), around which the micaceous scales warp. Sp. Gr. 3.61 to 
3.90. An average sample gave Britton: Fe?O% 71.98, MnO .01, Al?0# 
68, CaO .16, MgO .06, S .04, PO® .07, insoluble siliceous matter 
25.26, HO 1.03. Alkalies undetermined and lost, .71, = 100.00. 

Loc. Below bed V, Bagley Pit, Cascade Mines, where it con- 
stitutes a variety of the prevailing siliceous specular flag-ore. Some- 
what similar ores are found in beds X, VIII and VI, Marquette 
recion, and bed VI, Menominee region. The “bird’s eye” variety 
has only been found in the Cascade range in quantity. Tas been 
worked to a limited extent, but is less valuable than No. 5. Con- 
tains not enough iron and too much silica. 

No. 7 (5007).— Red orthoclase granitic gneiss. No allies. 
Compare No. 96. A coarse crystalline aggregate, chiefly of white 
quartz and flesh-colored orthoclase, with perhaps a little white mica. 

[as considerable lithological resemblance to granite veins in bed 
XIX, Menominee region, as well as to similar dykes in the Lauren- 
tian. Sp. Gr. 2.53 to 2.62. 
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Loe. One hundred yards north of the west-end pit, Cascade mines, 
and probably in bed IV. Apparently quite local, and possibly a 
dyke. It has nearly the same stratigraphical position as the syenite, 
No. 116, and the feldspar is similar, but no other resemblance. 

“Something like that rock may no doubt be found among the 
Swedish gneisses, but certainly only as a rare and local variety. At 
the moment, I remember no instance.”’— Toérnebohm. 

No. 8 (3008). — Glassy, arenaceous quartzite. (Brownish-gray 
quartzite.) Compare Nos. 138, 21 and 137. Julien’s No. 129 is finer 
grained and contains more ochre, and weathers whiter. Mich. Rep., 
Vol. II, page 69. See also references under No. 137. Massive, made 
up of medium-sized, glassy, crystalline grains of quartz, and a little 
black mica. Weathered surface but little changed. Is more gran- | 
itoid in appearance than the great quartzite bed TL, of the Menominee 

region (No. 137). .Sp. Gr. 2.65 to 2.71. 

‘Loe, Bed V, Republic mine, where it constitutes a thick layer, 
the lowermost of that series reposing nonconformably on the Lauren- 
tian, overlaid by chloritie schist. Where calcareous rocks are pres- 
ent, as in the eastern portion of the region, there is an almost insen- 
sible gradation from quartzites to dolomites. See Julien’s 110, Mich. 
Rep., Vol. II, p. 59. See also remarks under the limestone, No. 141. 
A pure variety was crushed and employed for Bessemer converters, 
for which purpose it is said to have answered well. 

No. 9 (3009). — Mottled dolomite-marble (Julien). Compare Nos. 
143, 11, 66, all from same bed. Several varieties are described by 
Julien in Mich. Rep., Vol. II, pp. 56 to 61. Mottled white and dull- 
red, fine-grained, semi-schistose; effervesces with acid only when 
pulverized. Sp. Gr. 2.80 to 3.06. See analysis of No. 66. 

Loe. Bed V. Chocolate flux quarry, near Marquette; associated 
with quartzose rocks and beds of brownish argillaceous slate (novac- 
ulite, Nos. 10, 12), and underlaid by hydrous magnesian slates and 
quartzites. All much contorted. See Mich. Rep., Vol. II, p. 243, 
Fig. 18. Similar rocks occnr at the Morgan furnace and near Lake 
Fairbanks in same bed. A purer variety constitutes the greater part 
of bed V, Menominee region. See Nos. 66, 143, 142. Has been used 
as a flux toa limited extent. Too much silica and magnesia. Beauti- 
fully variegated varieties occur, but usually there are so many joints 
and seams as to render it available only for building purposes. 

No. 10 (3010). — Novaculite (Wright). Has also been called chlo- 
ritic schist and clay slate. Similar to Nos. 12 and 13. Resembles 
Julien’s Nos. 182, 183, 190 to 198, Vol. II, Mich. Rep., pp. 95-100. 
A greenish-gray or chocolate, sometimes mottled, slate, intermediate 
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in character between chloritie and clay slates, with oblique cleavage, 
moderately fissile. Sp. Gr. 2.78 to 2.87, 

Loe. Tn bed Vi at Chocolate Quarry, L. S., associated with dolo- 
mites and quartzose rocks as deseribed under No. 9. TfIas been found 
at several points in this bed. This kind of rock has not been observed 
elsewhere in the Archwan, south of Lake Superior. 

No. 11 (8011).— Salmon-colored dolomite (Julien). (Coarsely 
crystalline marble.) Compare Nos, 142, 141 and 9. Julien’s Nos. 
108, 109, Mich. Rep. Vol. I, p. 58, are from same bed. A coarse, 
highly erystalline, lustrous mass, with large tabular crystals having 
some resemblance to orthoclase. Etfervesees very slowly in cold acid. 
Sp. Gr, 2.78 to 2.87, 

Loe Bed Ve Morgan Furnace Quarry. A pure and rare vari- 
ety of the dolomite, associated with siliceous and mottled varieties, 
and with beds of the dark-purple novaculite, No. 12. See remarks 
under No. 9. The marble from this locality is the best known in 
this region for flux, and has been quite extensively employed. 

No. 12 (£012).— Novaculite (Wright). Has been called purple 
clay slate and mottled feldspathic argillite. Similar to Nos. 10 and 
13. Ditters from No. 10 in being purplish-brown and spotted. Sp. 
Gr. 2.71 to 2.88, 

Loe. Ded. V. Morgan Furnace Quarry. See Nos. 10, 11. 
Somewhat like the clay slate near Plauen in Voigtland, Saxony. 
(Wapler.) See No. 13 for use. “In the amorphous substance are 
many crystalline, colorless needles. Some hematite in form of small 
folia. A little quartz. The black substance is probably coal.”’— 
(Wichmann.) 

No. 13 (3015). — Novaculite (Wright and Wichmann). Las been 
called clay slate and talcoid siliceous schist. Similar to Nos. 10 and 
12. See Julien’s No. 161, Mich. Rep., Vol. II, p. 85. Lighter col- 
ored, harder, less fissile and more lustrous than Nos. 10 or 12. [e- 
garded as the most typical form of this rock. Sp. Gr. 2.71 to 2.78. 

Loe. Bed V, Whetstone quarry, Teal lake. In a small lenticular 
bed, associated with quartzite. As early as 1850, whetstones were 
quite extensively quarried and sold from this locality, but are not at 
present. 

“«Novaculite represents especially clay slates which are rich in 
quartz, and numerous scales of a taley mineral which are parallel to 
the splitting plane. The argillaceous material is filled with a dust- 
like material, and some clusters of hydrated oxide of iron. Small 
prisms of tourmaline occur, which generally have broken into several 
pieces. Hematite, in the form of sinall blood-red folia, is irrecularly 
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distributed throughout the whole rock. ‘Irregular grains of garnet 
appear here and there.’”,-— Wichmann. 

“Ts not like anything in our Archean formation, but has some re- 
semblance to certain clay slates interstratified in the red sandstone of 
Dalecarlia, which is believed to be Cambrian. The same applies to 
No. 55.” — Térnebohm. 

No. 15 (3015). — Magnetic mica slate (Julien). Has been called 
greenstone schist, with much magnetite. Compare Nos. 23, 36 and 131. 
Fine-grained, grayish-black, apparently made up of quartz, magnetite» 
and chloritic (?) mica, which is conspicuous on weathered seams. Sp* 
Gr. 3.13 to 3.42. 

Loe. Bed VI, Republic Mine, is chiefly made up of this schist, 
which is often distinctly banded on weathered surface; overlaid by 
greenstone and underlaid by quartzose and schistose rocks. Beds VIII 
and X of the Marquette series often contain similar rocks. Similar 
rocks oceur near Ehrenfriedersdorf in Saxony (Wapler). See remarks 
under No. 23. : 

“Tn thin section the colorless and striated (or fibrous) mineral, 
which somewhat predominates in quantity, appears to be muscovite; 
between the crossed nicols, it polarizes brilliantly. Biotite is also 
prominent in scales of a brownish-green, brownish-yellow, ete., which 
are dichroitic. Magnetite is abundant in blackish-gray scales and 
plates, often presenting hexagonal and octagonal cross-sections. They 
are often encircled by ochreous films and chords of a brownish-yellow 
color. Quartz seems to be represented by a few clear and colorless 
granules.’ — Julien. 

No. 16 (3016). — Micaceous-iron quartz schist. Popularly called 
“fish-scale ore.” Similar to Nos. 32 and 33. Compare Nos. 37 
and 49. Fine-grained, dull, reddish-brown, arenaceous quartz, to 
which a marked schistose structure is imparted by exceedingly thin 
laminge, composed of angular scales of hemitite, which glisten and 
glitter on the splitting planes. Sp. Gr. 2.92 to 3.42. 

Loc. At the Cannon Mine, Sec. 28, T. 47, R. 30, where this 
rock occurs in small quantities in, or near, bed V. In it is a seam 
one foot thick where the specular ore predominates. The rock gradu- 
ates into or is intimately associated with micaceous quartz-schists. 
Except in the eminently micaceous character of the iron, this rock 
has resemblance to the similar schists of bed XII, Marquette region, 
and to certain ores in bed VI, S. W. of L. Antoine, in the Menomi- 
nee region. This Cannon location has been much explored, but no 
valuable ore has been found in paying quantities. 


No. 17 (3017).— Chloritic magnetite schist (Julien). (Tabular 
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maynetic ore.) Compare Nos. 42, 23, 19, 148. Drownish-black, 
excecdingly fine-grained, hard, containing hornblende in’ irregular 
bunches and seams, and in places numerous quartz laminw. It is 
tongher and more compact. than any other equally rich magnetic 
ore, Sp. Gir. $.15 to 4.51. An average sample gave F, 3B. Jenney: 
FeO! 73.35, Mn'O? 10, AFO'trace, CaO 69, MeO 21, 8.58, PO 151, 
insoluble siliceous matter 19.64, undetermined and lost .279= 100,00, 

foc, Magnetic Mine, See. 20, T. 47, R. 30, from bed VI or LV, 
where it occurs associated with thin-bedded gray quartzite and over- 
laid by greenstone. See Mich. Rep., Vol. I, p.152. This tabular 
hornblendic ore has not been observed elsewhere, but it resembles 
some varieties in bed XITL. See Julien’s No. 228, Mich. Rep., Vol. 
lI, p. 117. 

A workable deposit of ore, which will yield about 55 per cent. of 
metallic iron in the furnace, has been opened. 

“Appears to be identical with the variety of magnetite occurring 
west of Greensboro, N. C., and at other lucalities in that state.’— 
Julien. 

“In the thin section, magnetite largely predominates in minute 
octahedra, grouped together in an irregular network. Quartz occurs 
in colorless granules. Wlornblende, brownish-yellow to brownish- 
green, is abundant here and there in radiated masses, with the usual 
cleavages and strong dichruism. Dy its green forms it is seen to pass 
into chlorite, which also occurs in irregular or bladed seales.’’— Julien. 

No. 18 (5018).— Hornblende rock (Wright and Wichmann). IIas 
also been called coarse ILornblendie Diorite. Like Nos. 22 and 30. 
Compare Nos. 77, 75 and $8. Resembles Julien’s No. 803 (probably 
from same bed), Vol. I, p. 106. Greenish-black, speckled with gray, 
medium-grained, massive to semi-schistose, weathering gray and brown 
like the diorites, to which it is related in appearance, but is blacker 
and of higher specific gravity. Sp. Gr. 2.94 to 3.08. 

Loe. Bed VU, Republic Mine. The prevailing rock in this bed, 
which has nearly the same character at the Washington Mine. Similar 
hornblende rocks also oceur in bed IX. Exactly identical rocks have 
not been observed in the Menominee region, where they are often 
lighter colored and coarser grained, although Nos. 123 and 127 from 
there are closely related. Similar rocks are rare, if not absent, in the 
Gogebic region. “ Compare with the similar variety from the Greens- 
boro belt in N. C.”? (See Geol. of N. C., Vol. IL) — Julien. 

No. 19 (3019). — Magnetic siliceous schist (Julien). Resembles 
No. 23, which contains more iron, and No. 5. An iron-gray homo- 
geneous mixture of fine-grained, compact quartz and magnetite grains. 
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Another, and the prevailing variety is schistose and in places almost 
slaty, the weathered surface of which is distinctly striped reddish, 
blackish, whitish and greenish, suggesting a rag carpet. The green 
color may be due to chlorite; the others are apparently from the oxides 
of iron. Sp. Gr. 3.46 to 3.57, which indicates considerable iron. 

Loe. Bed VIII, Republic Mine, which is quite thin (40 to 50 
feet), is mostly constituted of this schist, which is similar to that in 
bed VI. 

No. 20 (3020). — Clay slate. Compare Nos. 81,113 and 10. See 
Julien’s Nos. 191 and 221, Mich. Rep., Vol. II, pp. 99 and 114. Dull, 
dark, brownish-gray, with imperfect, oblique cleavage, moderately 
fissile, clay slate. The bedding planes are marked by faint bands 
forming an angle in one specimen of 30° with the cleavage planes. 
Sp. Gr. 2.67 to 2.71. 

Loe. Bed VIII, as exposed in the railroad cut, one mile E, of 
Negaunee. This rock is also to be seen on the S. shore of Teal lake. 
In another place it is associated with a quartzite similar to No. 21. 
Clay slates are most abundant in the L’Anse and Huron Bay districts 
of the Marquette region, and in the Menominee region, where they 
are usually destitute of oblique cleavage. Such cleavage appears to 
be confined to slates associated with quartzites or marble. See fur- 
ther remarks under No. 113. No slates that promise to have value 
equal to that represented by No. 81, have been found in this bed. 

No. 21 (3021).— Gray quartzite. Compare Nos. 8 and 137. See 
Julien’s Nos. 126 to 135, Mich. Rep., Vol. II, p. 68 to 72, for several 
varieties. J'ine-grained, gray, arenaceous, glassy, slightly mottled 
with light-brown spots, massive, semi-conchoidal fracture, slightly in- 
fluenced by weather. Sp. Gr. 2.64 to 2.69. 

Loc. Bed VIII, N. W. end of Lake Fairbanks. This layer is 
neither thick nor wide-spread. The clay slates, No. 20, prevail in this 
bed. Similar quartzite occurs with the roofing slate in the Huron 
Bay district, and closely related rocks are generally distributed. See 
remarks under No. 137. 

No. 22 (3022).— Hornblende rock (Wright, Rutley, Wichmann). 
A variety has been called micaceons altered diorite. Like Nos. 18 
and 30. Compare Nos. 75 and 77. A little finer grained, otherwise 
like No. 18. Nos. 123 and 127 are the nearest, and not abundant, 
varieties observed in the Menominee region. A brownish micaceons 
mineral appears on the weathered surface of some varieties. Sp. Gr. 
2.96 to 3.05. 

Loc. From bed IX, Republic Mine, which is chiefly constituted 
of similar rocks, which graduate into varieties related to diorite. 
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“Under the microscope, the hornblende shows its characteristic 
structure. The green prisms lie confusedly together. In sections cut 
perpendicular to the main axis, the prismatic cleavage is distinetly 
recognizable by fissures, which cross one another at an angle of 124° 
30°. In sections parallel to the main axis the prisms show a longi- 
tudinal striation. The hornblende is also characterized by a strong 
dichroism, which it shows when tested by a single nicol’s prism. 
Ageregations of irregular individuals of orthoelase (and a little plagio- 
clase) represent the ground mass. The constituent individuals show 
partly a beginning of alteration, A little quartz appears in irregular 
water-clear grains, Small prisms of tourmaline occur now and then. 
Piotite is abundant, and always found associated with hornblende. 
Magnetite and titanoferrite are present. [lexagonal prisms and needles 
of apatite occur, especially piercing the green individuals of horn- 
blende.””»— Wichmann. Sce also his report, § 144. 

“This rock is composed of quartz and hornblende, tovether with a 
mineral which in section under the microscope is opaque, and which 
1s probably partly pyrites and partly some altered form of hornblende. 
Apparently no magnetite ig present, as the rock does not affect the 
needle. There are also some minute translucent prisms visible; among 
these, some may be apatite, but no good transverse sections are to be 
seen, and most likely the majority, if not all of them, are minute 
hornblende crystals.” — Nutley. 

No. 23 (3023). — Magnetic siliceous schist. Provisionally called, 
siliceous magnetic flag ore. Resembles No. 19. Compare No. 15. 
Contains more iron, otherwise like the slaty variety of No. 19. This 
abundant flaggy rock, of which there are numerous magnetic and 
hematitic varieties, is always a very fine-grained, nearly homogeneous 
mixture of iron oxide and siliceous matter, sometimes faintly banded, 
owing to the predominance of one or the other of the ingredients in 
certain lamine. It will thus be seen to differ entirely in structure 
from such banded ferrnginous quartzose rocks as Nos. 32, 37, 52, 
although very nearly agreeing with them in chemical composition. 
This is a typical flag-ore. These flag ores are not siliceous varieties 
of the specular schists represented by No. 45, into which they never 
graduate, and with which they are never stratigraphically associated, 
buat which, unfortunately, they often resemble. Confounding the two 
has been and is still productive of great losses in mining operations. 
See Mich. Rep., Vol. I, p. 83. Sp. Gr. 3.73 to 3.86. Probably con- 
tains 40 per cent. of metallic iron. 

Loc. Bed X, Republic Mine, like beds VI and VIII, is largely 
made up of these magnetic, striped on weathered surface, siliceous 
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flags. To the eastward these beds change their character materially, 
being more hematitic and less banded. The chief exposure of the 
magnetic ore on the N. side of Penokee Gap, is very similar to 
this, but Dr. Wichmann finds hornblende in specimens of it. The 
siliceous flag ores, to which class this belongs, have been experiment- 
ally smelted, but were found to contain too much silica and too little 
iron, like the second-class or mixed ores, No. 37. 

No. 24 (3024).— Manganiferous ochrey hematite (“soft hema- 
tite ore”). Like No. 35. Compare Nos. 135, 25, 34. Tiny seains 
and bunches of pyrolusite, quartz, and occasionaily of kaolin. Brown 
to purplish-brown, earthy, about the hardness of chalk, irregular 
fracture. Passes into No. 25, which is a softer and more earthy 
form of the same. The amount of water chemically combined, aver- 
aging 4 per cent., indicates that the ores are not true limonites, but 
mixtures of the hydrous and anhydrous oxides, or perhaps turgite. 
Sp. Gr. 3.10 to 3.54. An average sample gave Chandler and Cairns: 
Fe®O° 65.40, Mn?O* 6.71, Al?O® 1.46, CaO .45, MgO .66, 8. 04, PO® 
.16, SiO* 22.67, HO combined, 1.88, uncombined .58=100.01. 

Loc. Dyed X. Near Negaunee. Associated with quartzose hem- 
atitic flags, of which these earthy ores seem to bean altered form 
from the dissolving ont of the silica, and incident hydration of a part 
of the iron oxide —hence of the nature of residual deposits. See 
remarks under No. 136. They always occur in irregular pocket-like 
forms. Ferruginous brown chloritic and argillaceous slates are fre- 
quent. Although less rich in iron, they are more easily reduced and 
answer well for mixture, especially on account of the manganese, 
hence they are now mined to a considerable extent when the demand 
for iron is good. 

No. 25 (3025).— Disintegrated ochrey hematite (“soft hematite 
ore’). Like No. 34. Compare Nos. 24, 35, and 135. A coarse an- 
gular residual gravel. A more earthy form of No. 24. 

Loe. Bed X. Rolling Mill Mine, Negaunee. See remarks under 
No. 24. Map No. 5 of Atlas, Mich. Geological Report, 1873, repre- 
sents the group of pits recently opened in this bed, from only a 
few of which has much ore been shipped. 

No. 26 (3026). — Limonitic quartz-schist. Compare Nos. 24 and 
25 from same bed, which may be regarded as a more altered form of 
the same rock. Chiefly brownish quartz, irregularly banded with 
limonite, hematite, and ochre, often porous and not infrequently con- 
taining kaolin in small irregular bunches. Varies from a hornstone . 
to an earthly brown iron-ore, Nos. 24, 25, which is apparently the 
same rock with the silica mostly dissolved out. Sp. Gr. 2.99 to 3.38. 
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An average sample gave Chandler: Fe®O® 44.33, APO? 2.14, Bfn?O? 
.16, CaO .36, MyO .13, SiO? 47.10, PO*.13, SO®.17, HO 5.19 = 99.71. 
By reducing the silica percentage and proportionally increasing the 
iron, we have the composition of the related ores. 

Loe. Bed X., Foster Mine, and elsewhere in same bed, especi- 
ally near Nevaunee; always associated with the earthy limonitic ores, 
which often contain manganese. A similar rock occurs in bed XII, 
and below bed V, of the Negaunee district, and in bed VI, Menomi- 
nee region, and in L’Anse iron range, and W. of L. Gogebie. 

No. 27 (3027). — Eklogite (Wichmann, Brush), Provisional name, 
ferrnginous, gray, garnetiferous schist. Melated to 150, Compare 
No. 131 from same bed, also Nos. 58, 59, and 130. Identical with 
Wright’s anthophyllite schist containing garnets, No. 1058, and with 
Julien’s gray, anthophyllitic quartz schist, No. 174, Mich. Rep., Vol. 
IT, pp. 228 and 91. Closely related to rocks which have been called 
anthophyllite schists, see Nus. 58,59. Brownish-gray, faintly streaked 
with grayish-white, slightly glittering. A tough, somewhat hard, fine- 
grained, schistose rock, characterized by the prevalence of a brownish- 
gray, silvery, fibrous, amphibolic mineral, closely related to a mineral 
in Nos. 58 and 59, which Prof. Brush determined to be anthophyl- 
loidal, if not anthophyllite. Fracture uneven. Weathers reddish- 
brown. It has some resemblance to a greenstone found at Schwarzen- 
berg, Saxony. Sp. Gr. 3.44 to 3.62. Its high specific gravity is due 
to the iron. Yields water in the matrass. 

Loc. From bed X, 8S. of the Washington mine, which can be 
traced west to the Champion mine. South of the Keystone mine, it 
forms a heavy bed of magnetic schist, havinga brown, mottled, weath- 
ered surface. Except in bed A VIT, related rocks have not been seen 
in the Marquette region. In the Menominee region, similar rocks, 
more highly ferruginous and banded with arenaceous quartz layers, 
occur in beds XIII and XV. See 130. 

“Under the microscope, we observe that this rock consists chiefly 
of two minerals. The one occurs as light-green, nearly colorless col- 
umns and needles. This mineral is shown by its optical properties to 
be a hornblendic one, and is called actinolite. These columns are 
placed nearly parallel to the schist-plane, often confusedly together. 
The other mineral is easily distinguishable, macroscopically, in the 
section, as garnet. Microscopically, these garnets are not sharply de- 
fined crystals, but appear in places as highly fissured grains, They 
are often pierced by needles and rocks of actinolite. Next to those 
we find numerous particles of magnetite.’— Wichmann. See, also, 
his report, § 165. 
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“No rock of this kind has yet been distinguished in North Car- 
olina.”? — Julien. 

No. 28 (3028).— Micaceous chiastolite schist (Julien). Pro- 
visionally called green aphanitic argillaceous schist. Noallies. Com- 
pare Nos. 131, 91 and 149. A dark-green, faintly banded on fresh 
fracture with black, crypto-crystalline schist, with eminently con- 
choidal fracture and no disposition to split on bedding planes. Is 
brittle and quite hard, but does not give fire with steel. Soon weath- 
ers to a greenish-brown on exposure to the air. On edges of thin 
splinters it fuses readily before the blowpipe to a black enamel. The 
magnet separates a small amount of magnetite from the powdered 
rock. Sp. Gr. 2.93 to 3.17. These differences are probably due to 
the variable amount of magnetite. 

Loc. Bed X. N. W.end of L. Fairbanks in R. R. cut, overlaid 
by ferruginous siliceous schists, and underlaid by a soft, slaty rock. 
This very peculiar rock has not been observed elsewhere. No. 131 
may be a coarser-grained variety, but it differs in containing much 
magnetite, and unmistakably an amphibolic mineral. 

Mr. Rutley says: The foliation in this rock is strongly marked 
when seen in thin section under the microscope. The chief compo- 
nents are magnetite and felsitic matter, with some hornblende “and 
quartz. The magnetite lics either in distinct crystals or in irregular 
patches and strings which may be aggregates of crystals. It is mostly 
massed in the latter manner, thus partly giving rise to the foliation. 
The hornblende crystals are small and not very numerous. They 
lic with their longest axes parallel to the foliation. The quartz occurs 
in little irreeularly shaped spots, and there is in places a tendency on 
the part of the finely granular or crystalline particles of quartz to 
form thin lenticular partings in the felsitic substance. Some chlorite 
may be present, but the section examined was very thick and opaque, 
so that but little detail could be made out. 

The rock attracts the magnetic needle strongly. It is a schist, 
probably some metamorphosed sedimentary rock, but it is difficult to 
give it any recognized name in the absence of further information. 

“{T never saw anything like it in Sweden.”—Tornebohm. 

“The thin section displays a very fine grain with minutely wavy 
laminse. Clear and colorless cross-sections of chiastolite crystals are 
scattered through the section and visible to the naked eye; they exhibit 
a decided absorption for intensity, polarize rather brightly between 
the crossed nicols, and appear to consist of unaltered andalusite. The 
minute lamin of the ground-mass bend around these crystals in the 
augen-structure. Magnetite also occurs in a few large square plates 


DESCRIETION OF TYPICAL ROCKS. oAT 


scattered through the section, and very abundantly in some laminie 
in smaller particles, On examination of the ground-mass under a 
higher power, it is found to be mainly composed of minute, rounded 
granules, colorless to brownish white, polarizing feebly, which seem 
tu be fragmentary debris of the chiastolite. Colorless isutrope grains 
or scales also are present in small quantity. Divtite is abundant, and 
even predominates in sume laminae in minute, irregular, leather-brown 
scales, also in narrow or linear blade-like cross-sections, which are 
strongly dichrvitic.” — Julien. 

No. 29 (3029).— Micaceous hornblende schist (Wichmann). Horn- 
blende schist (Wright, Rutley). Compare Nos. 127, 30. Blackish, 
between medium and fine-grained schists, which structure is imparted 
by the seales of black mica, in this particular, differing from No. 18, 
and bearing more resemblance to the hornblende schists, No. 128, 
from bed XIX, of the Menominee region. It also resembles the very 
fine-grained Laurentian rocks of thesame class. See Julien’s Nos. 
328, 329, Mich. Rep., Vol. IL, p. 169. Sp. Gr. 2.98 to 3.05. 

Loe. Bed XI. Republic Mine. While this bed is essentially 
hornblendie and dioritic, its micaceous character is quite marked, as 
in this specimen and No. 107. The latter rock is also related to the 
chloritic varieties found in the same bed in the Negaunce district. 

“The hand specimen of this rock resembles some of the Lauren- 
tian gneisses of the highlands of Scotland.”’— Rutley. 

“ Tfornblende is microscopically present in fine green prisins which 
wenerally lie parallel to the schist-plane. Besides this, biotite is 
abundant in brown, irregular folia, which are strongly dichroitic. The 
occurrence of calcite is remarkable. Its small grains are aggrecated 
in clusters, which are intermingled with small folia of biotite, and 
have forined in the ground-mass, which consists of an aggregation of 
irregular individuals of orthoclase. A little quartz is recognizable. 
Apatite in long, colorless prisms and needles, and sharply defined hexag- 
onals, is not unfrequent.”?—-Wichmann. See also §135 of his report. 

“Under the microscope, it is shown to consist of quartz and horn- 
blende, and a few irregularly-shaped black patches, which may repre- 
sent some alteration of the hornblende. The rock has no effect on the 
magnetic necdle, so that there is apparently no magnetite present.”? — 
Rutley. | 

No. 30 (3030).— Hornblende rock (Wright). Provisionally named 
a black hornblendie diorite. Like Nos. 18 and 22. Compare Nos. 
123 and 127. Sce description of No. 18. Rutley says: “Horn- 
blende schist, with a little quartz and no other mineral.” Sp. Gr. 2.74 
to 3.04. 


548 GEOLOGY OF THE MENOMINEE IRON REGION. 


Loc. Bed XI. Republic Mine. This rock, almost identical with 
that of beds VII and IX, characterizes this stratum at this locality, 
but in the Negaunee district diorites and chloritic schists prevail in 
the same horizon. 

“This rock is shown under the microscope to consist exclusively of 
quartz and strongly dichroic hornblende. It is a most beautiful object 
under the microscope, the quartz appearing in section as an inlaid 
pavement, lying in irregular patches between the hornblende; the 
latter forming crystalline aggregates or crystals of more or less per- 
fect development. The rocks 22, 29 and 30, cannot be called diorites, 
as they contain no feldspars. They are almost identical with one 
another in mineral composition and in microscopic characters. They 
are hornblende schists.”? — Rutley. 

No. 31 (3031). —- Feldspathic chlorite-schist (Wichmann). Pro- 
visional name, micaceous greenstone schist. Compare Nos. 70, 119. 
Allied to Julien’s Nos. 335 and 336, Mich. Rep., Vol. II, pp. 172, 173. 
Dark-green, almost aphanitic, splits unevenly, showing copper-colored 
micaceous leaves on the splitting surface. Sp. Gr. 2.78 to 2.82. 

Loc. South of, and underlying, Grand Central ore-deposit at Ne- 
gaunee, from bed IX, which is chiefly made up of hornblendic rocks 
and related greenstones. This variety is not abundant here or else- 
where. 

“No. 31, with name altered from diabase to feldspathic chlorite 
schist, is, I believe, a good illustration of the partial conversion of a 
basaltic rock into a chloritic schist.’” — Allpert. 

Mr. Rutley describes this rock as follows: “Under the pocket lens, 
this rock shows minute scales of asoft golden-brownish mica. Under 
the microscope, a thin section of the rock is seen to consist of crystals 
and fragments of crystals of feldspars more or less altered, in some 
cases showing very faint traces of twin striation, but in most instances 
appearing to be orthoclase, occasionally twinned on the Carlsbad type. 
Minute crystals of magnesian mica are also present, together with a 
considerable amount of green matter, which is probably either chlorite 
or serpentine; but no distinct hexagonal chlorite crystals are visible. 
Irregularly shaped, dark-brownish or black patches also occur and 
may be some alteration product after pyrites, such as limonite, while 
here and there a little calespar is discernible. These and the green 
chloritic or ‘serpentinous material are evidently secondary products, 
and indicate that the rock has undergone very great alteration. It is 
difficult to apply any suitable name to this rock. The magnesian 
mica crystals seem to be hardly plentiful enough to constitute the rock 
a minette, nor can it with propriety be called a micaceous felstone, as 
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in hand specimens it bears no resemblance to felstone, from which it 
also differs in microscopic structure. The mode of occurrence of this 
rock would perhaps give a better clue to its real nature. I am dis- 
posed to think that it is some interbedded and highly altered rock. 
There is a somewhat fragmentary appearance about the imbedded 
minerals.” 

No. $2 (3932). — Micaseous fron quartz-schist. Like Nos. 33, 
16. Compare Nos, 30, 37, Differs from No. 16 chiefly in the iron 
being less micaceous and concentrated in thicker laminae, up to 
one-half inch. The red and whitish quartzose layers, which predom- 
inate, are fine-grained and arenaccons, and contain numerous grains 
or scales of specular ore. Sp. Gr. 3.09 to 3.80. 

Loe. Bed XIL. Republic Mine. Thisspecimen and No. 33 rep- 
resent the prevailing rock in this bed in the Michigamme district. 
For the Negaunce district, sec Nos. 34, 35. 

See remarks under No. 16 as to occurrence of related rocks. This 
kind of rock has never been found rich enough in iron to constitute 
an ore, The same bed in the Negaunee district is more highly ferrn- 
ginous, and limonitic instead of specular. See Nos. 34, 35. 

No. 33 (3033). — Micaceous-iron quartz schist. Like No. 32. 
Compare Nos. 16, 36 and 37. See Julien’s Nos. 151 and 152, where 
the iron layers are mostly magnetite, Mich. Rep. Vol. II, p. 89. 
Like No. 32, except that the quartzose layers are crossed by minutz 
veins of specular ore. Sp. Gr. 3.09 to 3.50. 

Loc. Bed XIf. Michigamme Mine. See remarks under No. 32. 
The similarity of this rock to the banded specular quartz (jaspery) 
schist of bed AITI, has been remarked. The division between these 
beds is not strongly marked. A related specular quartzite, in which 
the iron is not micaceous, and in which exist more numerous cross 
veins and bunches of highly crystalline hematite, occurs in the quartz- 
ite bed II, at the Felch Mt. The banded ferruginous quartzose rock 
of the Penokee iron range, Wis., where it can be traced for over ten 
miles, and is usually magnetic, is closely related to this. 

No. 34 (3034). — Disintegrated ochrey hematite (soft hematite 
ore). Like No. 25. Compare Nos. 24, 35 and 135. Does not differ 
essentially in appearance from No. 25. Contains on the average more 
iron and less manganese, hence is of a lighter brown color. Sp. Gr. 
4.12. An average sample gave Chandler and Cairns: FeO? 7 9.80, 
Mn*0* .10, Al’O% 2.05, CaO .45, MgO .53, S .03, PO® .30, SiO? 12.52, 
HO combined 4.11, HO uncombined .14 = 100.03. 

Loc. Bed XII. Lake Superior Mine. The earthy limonitic por- 
tions of this bed differ in no essential respect from X., described 
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under No. 24 and elsewhere, except in being less manganiferous. 
These ores are only found in the Negaunee district; followed west into 
the Michigamme they lose their water and become more quartzose. 
See Nos. 32, 33, 36 and 23. See remarks under No. 24. 

No. 35 (3035).—Ochrey hematite-schist. More slaty than No. 
24; softer than No. 135. Compare Nos. 25, 34. A schistose variety 
of No. 24, irregularly banded with schistose lamin, and containing 
irrecular bunches of a mineral determined by Prof. Brush to be kao- 
lin. This specimen and No. 24 may be regarded as intermediate in 
character between the earthy form and the firm, compact, hard, more 
hematitic form, No. 135. Sp. Gr. 2.69 to 3.09. A piece gave F. H. 
Emmerton: Fe’O’ 84.66, MnO 1.41, Al’O’ .13, CaO .40, MgO .007, 
PO* .084, S .02, SiO” 12.70, HO .71 = 100.121. 

Loc. Bed XII, Winthrop Mine. See remarks under Nos. 34 
and 24. 

No. 36 (3036). — Micaceous-iron quartz-slate. Similar to Nos. 
32, 38. Compare Nos. 37, 23. Intermediate in character between 
the mfcaceous-iron quartz schists, Nos. 32 and 33, from bed XII, and 
the banded specular iron and quartz schists, No. 37. Sp. Gr. 3.41 to 
3.88. 

Loc. Bed XIII, or XII. [epublic Mine. See remarks under 
No. 37. 

‘“Tfas a remote resemblance to the poorer varieties of Swedish 
quartzose hematite ores, ¢. g., those of Norberg and Uto, but is finer 
grained.” — Tornebohm. 

No. 37 (3037).— Banded specular-iron jaspery schist (mixed or 
jaspery ore of the mines). Compare Nos. 36, 32 and 33, also 52. It 
consists of jaspery quartz bands, varying from bright red to dull red- 
dish brown, with occasional seams of white quartz, and usually pure 
specular ore of highluster. Martite is common and maenetite rare. 
These materials are arranged in alternating lamine, varying in thick- 
ness up to one inch. These lamin are often highly contorted, zig- 
zagging, and turning sometimes in opposite directions within a few 
inches. The jasper bands are in places broken up into little rectan- 
gular fragments, which are slightly thrown out of place, as it were, 
by tiny faults; the ore fills the break, so that the whole mass has the 
appearance of a breccia. There is little doubt but that certain brec- 
cias, and possibly some conglomeratic rocks, have-this origin. See 
Mich. Geol. Rep., Vol. II, pp. 285 to 292. 

A similar rock, but with white quartz instead of the jaspery vari- 
ety, and forming an intermediate variety between this and No. 52, 
occurs at the Washington group of mines. These differences are un- 
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doubtedly due to variation in degree of metamorphism. See remarks 
under No. 52. Wiehmann remarks:  & Quartz-grains filled and 
cemented with hydrated oxide of iron. Parallel zones consisting of 
magnetic and quartz are inserted.” Sp. Gr. 3.31 to 3.98. 

Loe Ved ATID. Lake Superior Mine. The relations of this 
rock to the ‘pure ores of this bed, are brietly referred to under the 
description of No. 45. The purer ores, as a rule, prevail in’ the 
upper portions of the bed, and the jaspery varietics in’ the lower 
part, where they sometimes pass by insensible gradations into the 
similar schistof AIL. Has been smelted to a limited extent as a 
second-class ore, but the large amount of silica renders the reduc- 
tion difficult. It is chemically nearly identical with the flag ores, 
No. 6. 

Nd. 38 (5055). — Specular-iron schist. Like Nos. 45, 47 and 48, 
Compare No. 43. Allied to Julien’s No. 237, Mich. Rep., Vol. IT, 
p. 122.) This speciinen has many minute martite octahedra, and 
sinall brown spouts and more quartz; otherwise is like No. 45, which 
see for full description. Sp. Gr. 4.47 to 4.97. 

Loe. Bed XIII. Lake Angeline Mine. The specular iron-ores 
of this mine have usually a larger percentage of jaspery quartz mixed 
with them than is common in this bed. See No. 57. The Lake 
Angeline mine ranked ninth in order of production, in 1872. 

No. 39 (5039). —Granular magnetic ore (shot ore). Compare 
Nos. 40, 41, 42. Julien’s No. 229, Mich. Rep., Vol. II, p. 118, is a 
variety. Grayish-black, imperfectly crystalline grains, as large as 
mustard seeds, slightly compacted. Semi-schistose. Magnet separ- 
ates 85 percent. from the steely-black pulverized ore. Magnetic ores 
unlike the speculars, are generally massive and seldom schistose. Sp. 
Gr. 4.98 to 5.01. An average sample gave Britton: Metallic iron, 
65.81, phosphorus, .061. For numerous analyses of these ores, see 
Mich. Nep., Vol. I, Chap. X. 

Loc. Bed XIII. [Republic Mine; constituting the uppermost 
layer next the quartzite, and separated from the great mass of specu- 
lar ore by a thin bed of micaceous schists No. 53. Only at this mine 
and at the Champion do the magnetic and specular ores occur together 
in alternating beds in quantity. The two oxides are, however, more 
or less mixed at many localities, it being rare to find magnetite with- 
out hematite, or the converse, producing all shades in the powder 
from black, through purple to red. The prevailing ore at this mine 
is a rich specular slate, which, with this variety, has been extensively 
mined since 1872, when the mine was opened. 

No. 40 (3040). — Fine-grained magnetic ore. See Nos. 39, 41, 
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42. Resembles Julien’s No. 229, Mich. Rep., Vol. II, p.118. Brown- 
ish-black, fine-grained, friable magnetite, differing from No. 39 
chiefly in the smaller size of the imperfect octahedra and a somewhat 
higher luster. Magnet separates 95 per cent. from the grayish-black 
pulverized ore. Sp. Gr. 4.64 to 4.87. An average sample gave 
Chandler: Fe®O* 89.21, Mn?O% trace, Al’?O% 2.67, CaO .67, MgO .19, 
S .85, PO® trace, SiO? 6.28 = 99.37. 

Loe. Bed XIII. Spurr Mountain; chiefly magnetic ore in sev- 
eral varieties, in places banded with arenaceous quartz layers, No. 52, 
and containing lenticular layers of chloritic schist, No. 89. Largely 
mined since 1873, when work began. 

No. 41 (3041). — Hard fine-grained magnetic ore. Similar to No. 
40. Blackish-brown, somewhat mottled, differing from No. 40, chiefly 
in being more firmly compacted. Sp. Gr. 4.72 to 4.97. A piece gave 
Ralph Crooker: FeO 29.109, Fe®O* 61.631, MnO traces, A?’O? 2.120, 
CaO 1.070, S .002, SO® .008, PO® .057, SiO? 3.280, HO 1.497, organic 
or carbonaceous matter, .340, TiO? .082 = 99.146. 

Loe. Bed XIII. Michigamme Mine. See remarks under No. 
40. No specular ore has as yet been found in the Spurr-Michigamme 
ranges. Extensively mined. 

No, 42 (3042). — Hard magnetic ore. Compare Nos. 39, 40, 41, 
and also No. 17. Allied to Julien’s No. 228, Mich. Rep., Vol. II, p. 
117. Differs from No. 41 in being more schistose, finer-grained, and 
in containing a little chlorite. Sp. Gr. 4.86 to 4.95. An average sain- 
ple gave Chandler and Cairns: FeO 21.60, Fe?O*% 55.80, Mn?O® .10, 
APO? 4.34, CaO .77, MgO .84, S .16, PO®.12, SiO* 15.41, HO 
.81= 99.95. 

Loc. Bed XIII. Edwards Mine; associated with chloritic schist 
and banded jaspery ore, the whole presenting a peculiar lenticular 
structure. See Mich. Rep., Vol. I, p. 278. A large amount of this 
ore has been mined. 

. No. 43 (8043). — Magnetic brecciated hematite schist (granular 
green specular ore, with martite). Compare Nos. 38, 5,45. Between 
Julien’s Nos. 228 and 239, Mich. Rep., Vol. II, pp. 117 and 123. A 
transition variety between the magnetites and hematites, composed 
largely of octahedra of martite, apparently not wholly altered to hem- 
atite, for the magnet lifts from 6 to 40 per cent. of the brownish- 
purple to purplish-black powder (depending on the relative amount of 
the two oxides). Contains considerable chlorite. This specimen con- 
tains angular fragments of quartzose ferruginous schist, which have 
apparently been produced since the deposition, by the oreakizg tp of 
the siliceous lamin, perhaps through internal motion in“iverd by the 
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force of crystallization. Sve illustration bearing on this point in Vol 
IT, p. 285, Mich. Rep. See, also, remarks under Nos, 37 and 52. Sp 
Gr. 4.01 to 4.40. 

Loe. Bed XITT. New York Mine. Portions of this deposit con- 
tain more disseminated chlorite and more martite, sometimes slightly 
magnetic, than has been observed at any other mine. The proportion 
of phosphorus is also slightly larger, up to one-fifth of one per cent. 
Extensively mined. 

No. 44 (5041).— Kaolinic hematite schist (specular slate ore). 
Allied to No. 2. Compare also Nos. 43, 38, 45. Contains kaolin, 
and is intermediate in character between Nos. 2 and 45. Ixaolin ie 
rare in this kind of ore, but more abundant in the earthy limonites. 
Sp. Gr. 4.54 to 4.69. 

Loe. Bed XTT. Cleveland Mine, school-house opening. See re- 
marks under No. 45. 

No. 40 (7045).— Specular-iron schist (steely specularore). Like 
Nos. 38, 47 and 48. Compare Nos. 46, 49, and 6. See Julien’s No. 
237, Vol. II, p. 122, Mich. Rep. The prevailing and typical variety 
of specular-iron schist (“ slate ore ’’), composed of nearly pure sesqui- 
oxide of iron. Schistose, and slaty where the iron is micaceous, as in 
No. 46. Compact, homogeneous, showing under the lens a minute 
lamellar and sometimes finely fibrous structure, with high metallic 
lustre, and color of steel. Color of streak, brownish-red; and of 
powder, blackish-brown to glistening. A massive granular variety 
containing martite is less common. Often contains red (jaspery) 
quartz in minute laming, which in places prevail to the extent of 
constituting a banded ferruginous quartz schist, No. 37. Sp. Gr. 4.87 
to 5.23. An average sample gave Chandler and Cairns: I*e’O? 93.75, 
Mn*O* trace, Al’O* .73, CaO .61, MgO .23, S .03, PO® .32, SiO? 3.27, 
ILO 1.09 = 100.03. For numcrons analyses of these ores, see Vol. I, 
Chap. X, Mich. Rep. 

Loc. Bed XIII. Jackson Mine. Similar ores occur in the New 
York, Cleveland, Barnum, Saginaw, and other mines herein men- 
tioned in the Marquette region; but no identical ore has as yet been 
found elsewhere south of Lake Superior. Except at Iron Mountain, 
Mo., no equally valuable ore of this kind is at present produced in 
large quantities in America. It is very abundant and extensively 
mined, 526,000 tons of first-class specular ore having been periee 
in 1872 in the Marquette region from nine mines. 

No. 46 (3046). — Micaceous-iron schist (specular slate ore). 
Similar to No. 49. Of a slaty structure, and the iron micaceous, but 
more firmly compacted, like No. 49, otherwise like No. 45. Sp. Gr. 
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5.09 to 5.56. An average sample gave Britton: metallic iron, 67.21; 
phosphorus, .03. 

Loc. Bed XIII. [tepublic Mine. This is the prevailing ore, but 
beds of magnetite also occur. Extensively mined. See remarks 
under No. 39. 

No. 47 (8047). — Specular-iron schist. Like Nos. 38,48. Com- 
pare also Nos. 46,49. Allied to Julien’s No. 237, Vol. II, p. 122, 
Mich. Rep. Shows a cleavage structure oblique to the bedding and 
strong cross joints, otherwise like No. 45. Sp. Gr. 5.11 to 5.14. 

Loc. Bed XIII. Jackson Mine. See remarks under No. 45. 

No. 48 (8048).— Granular specular-iron schist. Like Nos. 88, 
45,47. Compare No. 6. Allied to Julien’s No. 237, Vol. II, p. 122, 
Mich. Rep. More fibrous, and containing numerous minute brown 
specks like No. 38 and the bird’s-eye ore No. 6, otherwise like No. 435. 
Sp. Gr. 4.79 to 5.31. An average sample gave Chandler and Cairns: 
T'e2O? 86.70, Mn°O# trace, Al?O? 1.64, CaO .57, MgO .24, 8.02, PO® 
14, SiO? 9.82, TO .61 = 99.74. 

Loe. Bed XIII. Lake Superior Mine. See remarks under No. 45. 
This mine was opened in 1858, soon after the Jackson and Cleveland, 
and has produced the largest aggregate of ore of all kinds, about a 
million and a half tons up to the end of 1875. 

No. 49 (3049).— Micaceous-iron schist. Similar to No. 46. 
Compare Nos. 88, 45, 48. Differs from No. 46 in being less firmly 
compacted and more fissile. Made up of tiny scales. Magnet sepa- 
rates 5 per cent. Contains minute seams of a hydrous magnesian 
mineral. The splitting surface resembles No. 16 in high Instre and 
fish-scale appearance. Micaceous iron-ores occurring with magnetites 
always contain magnetite, giving up sometimes 25 per cent. to the 
inagnet. Sp. Gr. 4.42 to 5.00. Average samples from this mine gave: 
Metallic iron, 63.55, phosphorus, .0S4. 

Loc. Bed XIII. Champion Mine, No. 4shaft. Sce remarks under 
No. 39. This mine produces both magnetic and slate ore in large 
quantities. 

No. 50 (3050). — Micaceous quartz schist (Wichmann). Pro- 
visional name, gray ferruginous quartzite. Compare Nos. 138, 140. 
A gray, schistose, fine-grained quartzite, with scales of mica and mica- 
ceous iron, the latter apparently predominating. Splits into uneven 
flags. Sp. Gr. 2.74 to 3.03. 

Loc. Bed XIV. Sepublic Mine, where this is a prevailing variety. 
Compare the micaceous conglomerate variety, No. 51, from the same 
bed at Washington Mine. A variety containing red mica (aventu- 
rine), sometimes conglomeritic, occurs in the same bed in the Me- 
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nomince region, FE. and N. of Lake Eliza. The micaccous quartz 
schists from bed XVIIL in the same region are related. 

No. 61 (2051). — Mieaceous conglomerate schist. (Tas been 
ealled gneiss with sezgregations.) No allies. Compare Julien’s No. 
122, Mich. Rep. Vol. IT, p. 66, from same bed. The matrix is mica- 
ceous and quartzose; many films of brownish-gray mica envelop 
irregular flattened nodules of quartz, Another more fibrous and 
schistose variety contained darker colored mica and considerable mica- 
ceous iron-ore, with grains of quartz, passing into a micaccous-iron 
conzlomerate schist. The pebbles are white, smoky, and glassy quartz. 
Sp. Gr. 2.66 to 2.70. 

Loe. Bed XPV. Washington Mine. This peculiar rock has only 
been observed in this bed. and is stratigraphically near the division 
between it and the underlying iron-ore. Red micaccous and specular 
conglomerate schists occur in the same bed in the Menominee regiun. 
Mica schists holding pebbles of quartz and feldspar have been ob- 
served in Belgium. 

“A similar rock is one of the most characteristic in the series of 
alternating mica slates and conglomeritic gneisses in the Smoky 
Range of Western North Carolina. Saffurd first studied the exten- 
sion of these beds into Eastern Tennessee (see Main Report on Geol. 
cf Tennessee, pp. 383, 385, 408, 427), tracing the progress of the 
metamorphism of the Ococe conglomerates, toward the N. C. line, 
with the gradual flattening and final obliteration of its pebbles. See 
also descriptions by Kerr (Geul. of N. C., Vol. I, pp. 136 to 139), 
Bradley (Am. Jour. Sci., 1874, p. 590, and 1875, pp. 279 and 370), 
and Julien (Geol. of N. C., Vol. II). Similar varieties are abundant 
in the tract of the Grandfather and Yellow Mountains, N. C.’? — 
Julien. 

“Schists and conglomerates like Nos. 51 and 54 do not occur in 
the Swedish Archean series, but may be found in the lowermost part 
of what we call the Dal-formation, a younger and more fossiliferous 
series, destitute of ores.” — Tornebohm. 

No. 52 (3052).— Arenaceous magnetic quartz schist. No 
allies. Compare Nos. 33, 40, also 37. See Julien’s Nos. 358, 359. 
Vol. IT, p. 183, Mich. Rep. Mfade up of irregular alternating layers 
of arenaceous magnetite, and white and gray friable sandstone. It is 
but an arenaceous form of such banded specular and jaspery schists 
a3 No. 37, which sometimes show martite. The quartzose layers 
differ from such quartzites as No. 137 only in being sandy, and the 
magnetite layers are like No. 40. It is not improbable that this rock, 
originally deposited as a sand and then indurated into a quartzite, 
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may have been reconverted into its original condition. The arena- 
ceous quartzite No. 139 is designated a sandstone by Dr. Wichmann. 
Sp. Gr. 2.89 to 3.08. 

Loc. Bed XIII. Michigamme Mine. Laminz of true quartz 
sandstone have only been seen in this bed on this range, where this 
rock takes the place of the banded specular jasper schists (No. 37) of 
the more easterly mines. A nearly identical rock is found W. of 
Commonwealth Mine and at Breitung’s iron locations in Pine R. 
District, Wis., in bed XV. 

No. 53 (8053).— Mica schist (Wichmann). Provisional name, 
talcoid schist. Compare Nos. 54, 74, 111. Under magnetic tale 
schist, No. 296, and porphyritie tale schist, No. 227, Julien describes 
closely related rocks. Vol. II, p. 116, Mich. Rep. Grayish-green, 
scaly, shining, unctious to the touch, often called tale schist, and some- 
times clay slate. Fissile and slaty. It is not impossible that the 
micaccous mineral may be margarodite or paragonite, since such 
hydrous mica schists have often been called talcoid. Sp. Gr. 3.00 
to 3.09. 

Loc. Bed XIII. Republic Mine, where a thin layer divides mag- 
netite above from specular ore, No. 46, below. A brown, less unctious, 
ferruginous variety occurs in the Champion magnetic deposit. A 
somewhat similar rock, No. 112, occurs in, or immediately over, the 
iron-ores in the Menominee region. This peculiar variety has not 
been seen except in small beds, and only in connection with iron-ore. 
See remarks under No. 55. Hunt has observed similar rocks in iron- 
ores in the Green mountains. Toérnebohm says, “schists somewhat 
like these are found in the upper Euritic series of Sweden.”” The same 
may be said in regard to No. 56. 

“Tn the thin section, magnetite (with some hematite ?%) occurs abun- 
dantly in tiny black opaque and glittering plates, whose longer dimen- 
sions are mostly arranged parallel, in the schist plane. Their cross- 
sections appear as narrow rectangles. Minute ochreous films and 
scales sometimes occur. Muscovite abounds in small, clear and color- 
less scales, which polarize, but not strongly, between the crossed nic- 
ols. Tremolite is abundantly distributed in slender, colorless needles, 
with narrow rectangular cross-sections, which possess a fibrous struc- 
ture when large, and polarize vividly between the crossed nicols.’? — 
Julien. 

No. 54 (3054).—Sericite schist (Wichmann). Provisional 
name, mica schist and talcoid schist. Has also been called actino- 
lite schist. No allies. Compare Nos. 53, 112, 74, 129, and Julien’s 
No. 226, Vol. II, p. 116, Mich. Rep. Greenish-gray, with dark spots, 
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Tue 4 black elongated crystals, the axes of which lie in the splitting 
plarves, but cross the minute corruyations, Shining, unevenly slaty 
schistuse; in appearance between a tale and mica schist. A closely- 
related unctious feeling schist has been called chloritie. See remarks 
on hydrous mica under No. 53. Sp. Gir. 2.75 to 2.84. 

Loe. Bed XU. Old Washington Mine. A rare variety in iron- 
ore. See remarks under Nos. 53, 55, $9. 

In thin section, colorless fibrous blades and slender needles abound, 
polarizing brilliantly between the nicols. A hydro-mica, however, 
predominates, in irregular and minute colorless scales, which in part 
polarize brilliantly and appear to consist of muscovite. Ifere and 
there are found elongated patches, made up of much larger clear 
scales, with a few inclusions of ochre and tremulite-needles. Magnetite 
occurs in rather large, irregular opaque cubes or hexagonal cross-sec- 
tions, and hematite in a few scattered blood-red scales or films.’? — 
Julien. See Tornebohm’s remarks on No. 51. 

No. 65 (3055). — Chlorite schist (Wichmann). Gray feldspathic 
arcillite (Julien). Compare Nos. 154,13. Greenish-gray, and in 
appearance between a clay-slate and chloritic schist. Itutley found in 
a thin section of a similar rock, felsitic matter, grains of quartz and 
magnetite, and remarks its resemblance to some granulites. Sp. Gr. 
2.76 to 2.89. 

Loc. Upper part of Bed AITI, forming a heavy layer overlying 
the iron ore at Barnum Mine, and related to the several hydrous mag- 
nesian, hydro-micaceous and argillaceous schists (Noa. 53, 54, 89) 
which occur in this bed in the Marquette region, and also to similar 
rocks in the Menominee region. <A dark reddish-brown variety, 
highly impregnated with iron, was observed at the Quinnesec Mine, 
and a more fissile and argillaceous variety in the same bed, VI, in the 
S. E. } of Sec. 32, T. 40, R. 30. At this latter locality there also 
occurs, associated with the iron ore, a soft, ash-colored, shaly rock, 
which according to Dr. Wichmann contains microscopic crystals of 
tourmaline. See remarks under No. 89. The red chalk, common to 
inany iron mines, may be regarded as a highly ferruginous variety of 
this rock, but not an ore. 

“The groundmass is an aggregation of irregular grains of quartz, 
which in polarized light show different colors. Irregular green folia 
of chlorite are interwoven with this groundmass. Dluish-gray prisms 
of tourmaline occur, which are strongly dichroitic. Magnetite in 
black, irrecular grains is present.””— Wichmann. See also § 155 of 
his report. 

“This rock is essentially composed of felsitic (or slaty) matter, 
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angnlar and subangular grains of quartz, and crystals and aggregates 
of magnetite. There is a distinctly laminated structure in the rock — 
the grains of quartz lying ina brecciate manner in the felsitic sub- 
stance, and forming well marked bands, divided by fine felsitic matter 
in which much smaller granules of quartz are disseminated. The 
-magnetite crystals and patches evince here and there some tendency 
to lie in certain zones, but seem to be very freely scattered through- 
out the rock. It may perhaps be regarded as a granulite, although 
no mica is present. The rock attracts the magnetic needle.”’—Rutley. 
See Térnebohm’s remarks under No. 13. “Is like those described on 
p- 233, Geol. of New Hampshire, Part IV.” — Hawes. 

No. 56 (3056). — Mica schist? (Wright). Provisional name, 
micaccous argillaceous schist. Compare Nos. 111, 114,12. A dark 
greenish-brown micaceous slate, splitting somewhat unevenly, holding 
garnets, and intermediate in character between a clay slate and mica 
schist. Related to phyllite. Sp. Gr. 2.82 to 2.89. 

Loe. Bed XV. Champion Mine Branch R. R. So far as observed, 
a local variety in this stratum of dark-colored, imperfectly cleavable 
clay slate. <A pyritiferous, chloritic-looking rock, and a ferruginous 
clay slate, both from bed XVI? Menominee region, are related to this 
specimen. See Térnebohin’s remarks under No. 53. 

No. 57 (3057). —Quartzose ochrey schist. No allies. Com- 
pare Nos. 26 and 84, and also Julien’s No. 157, Vol. II, p. $3, Mich. 
Rep. Smoky-gray, thin, irregular, quartz lamine, and dirty.yellow 
ochrey layers, evidently an altered rock. Somewhat related to quartz. 
ose varieties of No. 35. Sp. Gr. 2.70 to 3.00. 

Loc. Bed XVI. South of Champion Kilns. But little is knows 
about this bed; this kind of rock seems to prevail. The ferruginou- 
limonite schist, associated with the ore at Foster Mine, in bed X, is a 
related rock, but is browner and redder, indicating the presence of 
more hematite. Considerable amount of exploration has failed to 
find any part of this bed rich enough in iron to answer as an ore. 

No. 58 (3058). — Magnetic actinolite schist (Wichmann). Antho- 
phyllitic schist (Brush). Compare No. 59 from same bed, and 
Nos. 27,180. Julien’s No. 178 and Wright’s No. 1032, Mich. Rep., 
Vol. II, pp. 92 and 223, where several varieties are described, are 
from the same bed. <A striped rock, presenting on a fresh frac- 
ture bluish gray bands of a fine material, brownish at their con- 
tact with lighter colored, coarser grained and narrower bands, made 
up of the amphibolic mineral which characterizes this rock. It 
occurs in minute, translucent, light brownish and grayish blades, 
which often present a radial structure and suggest plumose mica. 
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Oceasional brown and black layers occur, rich in manganese and mag- 
netite, along which the rock splits into even flags which appear graph- 
itic on their surface, marking paper black, but it is probably due to 
the pyrolusite. Professor Brush determined this mineral to be an- 
thophyloidal, and snyvested, with the approval of Prof. Dana, the 
name, Ile says: “By “anthophyllite” is meant, not necessarily the 
restriction to the species 245 (page 231) in Dana’s Mineralogy, but a 
fibrons, lustrous, ditlicultly-fusible mineral, belonging to the amphi- 
bolie group of bi-silicates, applying to both pyroxenie and hornblendie 
forms.”” 

“Compact magnetic actinolite schist. A compact aggregation of 
colorless necdles of actinolite. Into them are scattered many small 
ore-particles, partly belonging to the magnetite.’”— Wichmann. Sp. Gr. 
3.04 to 3.34. <A selected specimen affurded Dr. C. F. Chandler, 25.2 
per cent. of metallic iron, and 4.37 per cent. o£ metallic manganese. 
Loses much water in a closed tube, and one specimen gave up 19 per 
cent. of the powder to the magnet. 

Loe. Bed AXVIT. Mouth of Bi-ji-ki river, Lake Michigamme. 
This bed can be traced froma point E. of the Champion furnace, west 
along the N. shore of the lake fora distance of 8 miles. The eklogite, 
No. 27, of bed X, is a closely related rock, but contains no manganese. 
Similar, but more quartzuse and ferruginous rocks occur in beds XIII 
and XV, in the Pine river district, Wisconsin, west of the Menomi- 
nee (No. 130). The presence of manganese and of an easily fusible 
mineral in place of quartz, which is so common an ingredient in fer- 
ruginous rocks, renders it probable that some varieties of this rock, 
richer in iron, may have value as an ore. 

“In thinsection, the radiated variety of amphibole, antholite (pos- 
sibly true anthophyllite), predominates in closely matted groups, 
made up of colorless to brownish (ochreous) fibres, which polarize 
strongly between the crossed nicols. Pyrolusite is found in consider- 
able abundance and even predominates in some parts of the thin sec- 
tion, in tiny elongated plates between the fibres of antholite. Other 
tiny plates of hematite occur, which when thin are blvod-red by 
transmitted light.”? — Julien. 

No. 69 (3050). Manganiferous anthophyllitic schist (Brush). 
Compare No. 58, from same locality. See references under No. 58. 
A greenish-black, minutely glittering, fine-grained, highly magnetic 
and manganiferous variety of No. 58, which has been called pyrolu- 
site. Sp. Gr. 3.16 to 3.60. 

Loe. Bed XVII. Di-ji-ki R. See under No. 58. 

No. 61 (8061).—Staurolitiferous mica schist (Brush), No 
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allies. Compare No. 107. Like Julien’s No. 301, Vol. II, p. 155, 
Mich. Rep. Brownish-black, glistening, rather hard, finely fibrous 
mica schist, holding much grayish-white quartz and crystals of stau- 
rolite and often of andalusite and garnets, as determined by Professor 
Brush. The micaceous lamine warp themselves around these crystals, 
giving the rock a nodular appearance. The crystals also appear on 
the brownish-gray weathered surfaces as wart-like protuberances. Sp. 
Gr. 2.58 to 2.79. 

Loc. Bed XIX. Island in S. part of Michigamme Lake. The 
characteristic rock in this heavy and important bed, which maintains 
its lithological character very uniformly through the Marquette and 
Menominee regions, and intermediate country so far as observed. In 
the southern part of the Menominee region it becomes hornblendice, 
and is in places a typical hornblende schist, No. 125, of a variety not 
related to the greenstones, which have never been found in this bed. 

“ A common variety in western North Carolina, e. g., below Web- 
ster on the Hiawassee river, in Cherokee and Swain counties, ete.”’ — 
Julien. 

No. 64 (8064). —Carbonaceous slate. Provisional name, plum- 
baginous schist. Like No. 115. Under “Carbonaceous shale,”’ 
“ Quartzose carbonaceous slate,’ and “Graphitie shale,” Julien has 


described similar rocks. See Nos. 246 to 251, Vol. II, p. 126, Mich. 


Rep. Grayish to brownish-black, soft and brittle, marks paper, and 
receives ahigh polish by a little friction. Contains sometimes quartz 
and ochre and often graphitic films. Is a carbonaceous variety of 
clay slate. Imperfectly fissile, and without oblique cleavage so far as 
observed. See Dr. Wichmann’s Report, § 173. Sp. Gr. 2.10 to 2.17. 
An average sample gave Brush: C 20.86, earthy matter 77.78, moist- 
ure 1.37. Another sample contained several per cent. of iron-oxide. 

Loc. L’Anse Iron Range, Sec. 9, T. 49, R. 33, in large quantity, as- 
sociated with clay slate, and overlaid and underlaid by diabase, in the 
Lower Huronian. Ias not been observed elsewhere in the Marquette 
region, except at the S. C. Smith Mine associated with clay slate; but 
it occurs at several points in the Menominee region in beds XV, 
XVIII and XVI, in the latter associated with clay slate allied to 
No. 114, and iron-ore, No. 135. In bed XV, N. of Lake Eliza, is a 
small mass in quartzite, appearing somewhat like artificial coke. So 
far as observed, it cannot be said to be abundant, but its soft nature 
would render it not likely to outcrop. Hunt says: “ We have such 
in our Green mountains, but I do not feel sure of their place. Plum- 
baginous micaceous schists also occur in JII in New Hampshire.” 
Wapler compares them with a similar rock found at Reichenbach. 
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Saxony. Julien observed what he regarded as “imperfect fucoidal im- 
pressions.””' See Vol. IT, p. 5, Mich. Rep. So far as known the rock 
has no value. The somewhat general distribution of carbonaceous 
matter through the Turonian is interesting. It doves not appear to 
be altered where it comes in contact with the greenstone. 

No. 65 (3065).— Protogine conglomerate (provisional name). 
Compure No. 102 from same loeality, and No.3. A reddish gneissic 
rock, containing a hydrous magnesian mineral in place of mica. 
Which in some varieties prevails to the extent of constituting a chlo- 
ritic (?) schist, which holds pebbles (sometimes as large as the fist) 
of granite, gneiss and white quartz. Sp. Gr. 2.67 to 2.76. 

Loo. Bed I. Falls of the Sturgeon, See. 8, T. 39, R. 29, below 
and conformable with the great quartzite, bed IT. Associated with 
hydrous magnesian schists, quartzites and greenstones. Underlying 
this series on the north, apparently noneconfurmable, are unmistaka- 
ble Laurentian gneisses. Conglomerates have so far only been ob- 
served in the IIuronian and copper-bearing rocks of the Archaan, 
and are believed not to occur in the more highly metamorphosed 
Laurentian. 

Mr. Rutley says: “This rock, under the microscope, resembles in 
some respects No. 55, being largely composed of quartz and slaty, 
felsitic material, together with erystals of magnetite; but it differs 
from it, in containing large patches of feldspar, some of which are 
unquestionably triclinic, showing by polarized light the character- 
istic twin-striation. Other patches may, however, be orthoclase. 
Under the microscope, the rock shows indications of a schistose struc- 
ture. The hand specimen of the rock exhibits a great deal of what is 
apparently tale, or chlorite, and has red stains in places, which may 
be due to peroxidation of iron compounds. Svme tolerably large, 
dark and, externally, reddish-brown cubes of pyrites project here and 
there on the surface of the specimen. The section examined was cut 
at richt angles to the foliated or schistose direction, and consequently 
the tale or chlorite only presents thin edges of plates, and hence is 
difficult of recognition under the microscope. The rock attracts the 
magnetic needle.” See Térnebohm’s remarks under No. 3. 

“ A similar rock occurs abundantly in North Carolina, in the west- 
ern Huronian belt (Kerr, Geol. of N. C., Vol. I), and in the Greens- 
boro belt.”? — Julien. 

No. 66 (8066).— Gray fine-grained dolomite-marble. Pro- 
visional name, ribbed and cherty marble. Compare No. 143, which 


'These were examined by Dr. J. S. Newberry and the same opinion was expressed. 


A. A.J, 
Vou. IT. — 36 
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is a variety of the same rock. See also Nos. 9,141. Finer grained 
than Julien’s No. 105, Vol. II, p. 57, Mich. Rep. Delicate pinkish 
and purplish gray, sometimes bluish, mottled and faintly striped, 
homogeneous, crypto-crystalline, semi-schistose, irregular fracture; a 
thin weather coating of dirty cream color; hard, apparently siliceous. 
Does not effervesce in cold acid. Another and common variety of the 
same rock which also occurs in the Marquette region, is banded with 
siliceous laminse, searcely distinguishable on fresh fracture, which 
make arough ribbed surface from their better resistance to the weather. 
Where exposed they vary from brown, sandy, to gray and blackish, 
somewhat cherty laming, the latter often minutely corrugated. Oc- 
casionally siliceous veins of apparently the same material, and con- 
nected with them, cross the lamine. Sp. Gr. 2.79 to 2.84. An 
analysis of a specimen from this bed gave Dr. Rominger: carbonate 
of lime, 61.00; carbonate of magnesia, 34.00, hydrated oxide of iron 
and manganese, 1.00; siliceous matter, .25. 

Loc. Bed V. See. 11, T. 39, R. 29, Mich. The above are common 
varieties in this great marble bed. This rock is purer and more 
uniform and less mottled than the marble from the same bed of the 
Marquette region. There it contains a bed of novaculitic clay slate, 
and graduates into quartzite, which is not the case in the Menominee 
region. The cherty and ribbed limestones and dolomites of the 
Yfuronian of Canada, are believed to be closely related rocks. This 
rock is apparently richer in lime than that now used as a flux at the 
Morgan furnace, from the same bed. It would make a serviceable 
building material, and certain varieties possibly possess value as 
ornamental building stone. 

No. 67 (3067).— Earthy purple hematite shale. Resembles 
No. 186. Compare with Nos. 2, 44. A soft, reddish-purple (pigeon- 
colored? ), earthy, friable, homogeneous hematite shale or slate, closely 
related to the variety No. 136, which is richer in iron and more 
specular in appearance. Can be broken with the nail into a fine deep- 
purplish powder, which gives nothing to the magnet. Its homo- 
geneity, absence of water, and totally different color, separate it from 
the earthy limonitic hematites of the Marquette region (Nos. 25, 34), 
to which it is related in its mode of occurrence; and its softness and 
lack of luster separate it from the specular ores, to which it is more 
nearly related in composition. Sp. Gr. 3.16 to 3.22. A richer and 
harder variety from this mine had the Sp. Gr. 4.90, and yielded E. T, 
Sweet with Prof. Danicls, Madison, Wis., the following constituents: 
e’?O 85.00, SiO? 9.45, APO* 1.47, CaO .99, MgO 1.18, Mn?0*.12, PO’ 
02,8 .09, ILO 1.77 = 100.09. 
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Loe. Bed VIL Treen Mine. Sce description of this stratum. 
Associated with several varieties of quartzose hematite flags. This 
ore is not found in the Marquette region in any quantity; but a related 
“blue hematite,” apparently a disintegrated specular ore, has been 
produced to a limited extent at the New England Mine, in bed XIU. 
The explorations at this lucality have revealed a workable deposit of 
this ore, but apparently not so rich on the average nor so extensive as 
those farther west in the same bed. 

No. 68 (506s). — Quartzose specular schist (red flag ore). Com- 
pare Nos. 23, 6,5. Dull reddish-blue, slightly shining, faintly banded, 
siliceous hematite flag, sometimes somewhat slaty. Nearly as hard 
as quartz, Closely related to the magnetic variety, No. 23, and the 
bird's-eye ore, No. 6, under which see remarks. Sp. Gr. 3.30 to 
3.88, 

Loc. Bed VI. See. 11, T. 39, R. 29, Menominee region. This is 
the prevailing rock in this formation; in it are deposits of purer and 
physicady ditierent ores, Nos. 67, 156, under which see remarks. 
See also remarks under No. 6. 

No. 69 (5069). — Gabbro (Rutley, Wapler). Saussurite or horn- 
blende gabbro(Pumpelly). Provisionally named, porphyritic speckled 
diorite. Compare No. 72. Coarse-grained, white to very light- 
green, compact feldspar, and a peculiar gray-green amphibolic min- 
eral, in strong contrast. Massive to semi-schistose. TIas much 
resemblance to some German gabbros. Some varieties have a serpen- 
tinoidal appearance, and are designated serpentine rocks in Foster 
and Whitney’s Report, Part II, p. 25. Sp. Gr. 2.92 to 3.08. 

foc. Bed XV. Sturgeon Falls, Menominee R. This peculiar 
varicty of greenstone is confined to this bed and the valley of the 
Menominee, where it furms a conspicuous ridge, associated with 
hydrous magnesian and greenstone rocks. 

-“T am inclined to think that this rock is a gabbro. The feldspars 
are too much altered to admit of determination, but the other princi- 
pal component presents the appearance of diallage, both by reflected 
and by transmitted light. I cannot, however, speak positively on the 
subject.’”? — Rutley. 

“In the thin section, hornblende is abundant in large grains with 
good cleavages, and in parts even predominates, but chiefly in the 
evlorless and often delieately-fibrous form (tremolite). A feldspar 
abounds in an altered condition, as culorless granulated masses, polar- 
izing but not strongly. There are also clear and colorless veins of 
another material (sericite?) with thready texture, which envelop the 
other grains; between the crossed nicols they display only a very 
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feeble polarization. Biotite 1s common but in small quantity, in 
brownish-yellow scales, of irregular form, sometimes presenting a net- 
work, and which are more or less dichroitic.””? — Julien. 

“ Saussurite-gabbro {or hornblende-gabbro): contains saussurite 
diallage, hornblende. identical under the microscope with the 
coarser crystalline rock of Upper Quinnesec Falls.” — Pumpelly. 

No. 70 (3070).— Decomposed diabase (Wichmann). Chloritic 
schist? Has also been called achloritic aphanite schist, and com- 
pact dioritie schist. Compare Nos. 55, 119, 91. Resemble Julien’s 
No. 339, Vol. II, p. 174, Mich. Rep. This rock is a type of the ob- 
scure so-called greenstone, or dioritic schists, which is but one linkin 
the chain of transition from hornblende rock through diorite, diabase, 
and this schist, to chloritic schist, and even toargillite. Dr. Hunt calls 
them chloritie diorites and says they are identical with rocks found in 
the Huronian of Canada. They are of various shades of green and 
gray-green, irregular schistose structure sometimes slaty, fine-grained, 
apparently chloritic, and have a dull, earthy, very uneven fracture, as if 
somewhat altered. Similar rocks are abundant in the Menominee 
region, especially in the hornblendic and chloritic bed XVII. They 
are believed to be much less common W. of L. Gogebic. Sp. Gr. 
2.94 to 3.07. | 

Loc. M. & O. R. Road (Gorge). An extensive formation imme- 
diately below the quartzite V. Similar rocks can be traced from 
Marquette to N. of Teal lake. This rock resembles the aphanite 
from Zelle, near Nossen, Saxony. ‘ The whole rock has been changed 
almost wholly into viridite, and this substance also is present in the 
fissures. Plagioclase, which has been kaolinized, represents a dust- 
like substance, which is greenish in consequence of the admixture of 
viridite. Newly-formed distinct erystals of augite occur in the viri- 
dite, while of the original individuals of augite, no trace is recogni- 
zable. Calcite, which has also been formed from the decomposition of 
the original augite, is colorless in appearance and often shows a distinct 
twin-lamellation in polarized light.””— Wichmann. See also § 77 of 
his report. 

No. 71 (3071). — Micaceous hornblende schist (Wichmann). 
Provisional name, quartzose chloritic diorite. Parts of the rock like 
No. 70. Grayish to dark-green with grain varying from crystalline 
to coarse, massive rock, related to the greenstones, and apparently 
contains quartz and chlorite. In places the weather surface is warty 
(presenting a conglomeritie appearance), from projections of erystal- 
line grains. Sp. Gr. 2.90 to 2.93. 

Loc. 20th mile-post, M. HT. & O. K. R. Age unknown, supposed 
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to be Middle Huronian. Resembles the “ greenstone ” found between 
Britunsdorf and Boringen near Rosswein, Saxony (Wapler). 

“The green prisins of hornblende and the brown folia of biotite 
form aggregations, which are imbedded in a feldspathic groundmass. 
The hornblende shows the beginning of a change into viridite, in 
Which substance sume grains of epidote occur. A little calcite has 
formed in the fissures of the rock..”— Wichmann. See also § 154, 
Wichmann’s report. 

No. 72 (S072),—Diabase (Wichmann), Provisional name, speckled 
divrite. Compare Nos. 121, 120, 122, 83, also 75 and 70. Gray- 
green, speckled, medium-grained, homogeneous, massive, apparently 
somewhat altered rock, related to No. 75, which is a diorite sumewhat 
diabasie in character, Sp. Gr. 2.70 to 3.00. 

Loc. Lower HWuronian, Marquette Quarry, associated with related 
greenstones (often more or less decomposed) and schists represented 
in this collection. 

Similar rocks have only been found in the L’Anse Iron Range. 
See No. 122. Resembles some Laurentian rocks observed west of 
L. Gogebie. See Julien’s No. 309, Vol. IH, p. 159, Mich. Rep. The 
serpentinoidal greenstone expused at Sturgeon Falls and above on the 
Menominee river, which have been called diorites, gabbros, diabases 
(see No. 69), have more resemblance to this rock than any other in the 
southern region. 

“A rock of similar composition, but differing in greater coarseness, 
ete., is found at various localities in North Carolina, but is not com- 
mon. Sometimes it has been produced by the metamorphism of a 
gneiss adjacent to a dyke of eruptive diabase, e. g., near Charlotte. 
For description, see Report on Geol. of N.C., Vol. I1.”’—Julien. 

No. 73 (3073). — Chloritie schist (Iutley). Ias also been called 
chlorite-potstone schist, and clay slate. No close allies. Compare 
Nos. 74. and 53. Julien calls it intermediate between his Nos. 340 
and 841, Vol. II, p. 175, Mich. Rep. Light gray-green, soft, slightly 
unctious-feeling, irregularly splitting schist, with numerous veins of 
calcite. Another variety was harder, with a glistening splitting sur- 
face, and may be an altered hornblende schist. Sp. Gr. 2.53 to 2.68. 

Loc. Quarry at Marquette, in small irregular beds or dyke-like 
masses in greenstone and related syenite—all Lower Huronian, 
probably below bed V. True dykes as to structure of related 
schists cross the quartzite V at the E. end of Teal lake, as well as 
the iron-ores of beds XII and XIII in the Jackson and New England 
Mines. The material filling the “ fluccan” (fault) at the Washing- 
ton Mine, is similar. Above Badwater village on the Menominee, is 
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a similar chloritic schist associated with quartzite in bed XVIII, cov- 
ered at high water. 

Mr. Rutley says: “This rock appears to be a chloritic schist. The 
section shows one or two small veins of cale-spar, the individual 
crystals composing the veins exhibiting the usual twin striation. 
These cale-spar veins may also be seen quite well with the naked eye. 
The rock has an argillaceons odor when breathed upon, and is soft 
and sectile.” 

No. 74 (8074).— Tale schist (Wichmann). Has been called an 
unctious clay slate. No allies. Compare Nos. 73, 112, 53. Gray- 
ish, white, unctious feeling, apparently somewhat argillaceous slaty 
schist. Tale is a rare mineral in the Archean, this specimen being 
the purest found; although unctions-feeling chloritic and hydro- 
mica schists are somewhat common, especially in the iron-ore strata. 
Many hydrous magnesian schists have been called taleose, which are 
chloritic. The same may be said of hydro-mica schists and sericites. 
Sp. Gr. 2.60 to 2.64. 

Loc. At Grace Furnace, Marquette. A small bed associated with 
greenstones and related schists. Lower Wuronian and probably 
below V. 

“The white folia and scales are irregularly aggregated and appear 
as a felt-like mass. Minute grains of quartz occur now and then. 
Small grains of magnetite are present, but are surrounded by brown 
hydrated oxide of iron, in consequence of its alteration. Hexagonal 
folia of hematite, bluish-gray prisms of tourmaline and small crystals 
of zircon are recognizable.”’— Wichmann. See also § 164 of his 
report. | 

No. 75 (3075). — Diorite (Wright, Wichmann, Rutley). Compare 
Nos. 118, 71 and 30, and also No. 123. -Blackish-green, medium- 
grained, tough, massive; contains a little epidote in thin seams. Sp. 
Gr. 2.96 to 3.08. 

Loe. Light-House Point Quarry, Marquette. Lower Huronian, 
probably below V. Assuciated with other hornblendic rocks and re- 
lated schists. The syenite, No. 116, apparently belongs to the same 
series, giving interest to the opinion of Mr. Rutley that this rock may 
contain orthoclase. See also No. 77. Nearly identical rocks in ap- 
pearance occur in corresponding geological position in the Menominee 
recvion at falls of the Sturgeon river. With associated rocks, exten- 
sively quarried for filling eribs of breakwater. 

“ Microscopically this rock consists chiefly of hornblende and plagi- 
oclase. The hornblende is distinctly recognizable and is but little 
altered. The plagioclase is also rather fresh, and the characteristic 
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twin Jamellation always appears between crossed nicols. A. little 
quartz 18 present in irregular grains, which contain many fluid-enclos- 
ures, Diotite forms brown, irregular folia.  Titanic-irou is abundant, 
in association with which appears a grayish-white substance, which 
has been formed by the change of this mineral. Prisms and needles 
of apatite occur especially piercing the individuals of hornblende.” — 
Wichmann.  Sce, also, his report, § 87. 

“Ts composed of feldspars, both plagioclase and orthoclase, or 
plagivelase, some of which may have undergone alteration, and 60 
may sumewhat resemble altered orthoclase. This, however, is doubt- 
ful, as the specimen looks fresh and unweathered. The other com- 
ponents are hornblende, and some magnetite. The rock only very 
fecbly affects the magnetic needle. It is either a diorite, or, perhaps, 
if orthoclase be present, as it seems to be, it would be more correct to 
regard it as a fine-grained svenite.”? — Nutley. 

“Ts no true diorite, as it contains small remains of augite. Ac- 
cording to the newest nomenclature, it might be named _protero- 
bos.” — Tornebohm. 

No. 76 (8076). — Hornblende schist (Wichinann). Dioritic schist, 
with little feldspar and no chlorite (Wright). Compare Nos. 31, 103, 
and Julien’s Nous. 182, 266 and 267, Vol. IT, pp. 95 and 136, Mich. 
Rep. Chiefly made up of a blackish-green, somewhat lustrous min- 
eral, resembling chlorite, but too hard and heavy. Structure almost 
slaty. Contains seams and veins of calcite. May be regarded as in- 
termediate in character between hornblende and dioritic schist. Sp. 
Gr. 2.92 to 3.03. ' 

Loe. Light-Iouse Point Quarry, N. W. side of Marquette bay, 
associated with greenstones, svenites, and chiloritic schists. See Nos. 
75, 73 and allies. In Lower Huronian, probably below V. 

“The groundmass is feldspathic in composition. IHornblende is 
present in green individuals, which are striated. Diotite is not infre- 
quent. Numerous hexagonal folia of hematite appear. Calcite in 
irregular grains shows a distinct twin-lamellation in polarized light. 
Titanic-iron forms small grains, each of which is surrounded by a 
grayish-white substance. Minute folia and scales of muscovite 
occur.” — Wichinann. See, also, § 137. | 

No. 77 (3077).— Hornblendic syenite (Wichmann). Porphy- 
ritic syenite (Itutley). Provisional name, porphyritic hornblendic 
diorite. Less feldspar than No. 116. See for varieties, Julien’s 
Nos. 314 to 319, Vol. II, pp. 161 to 164, Mich. Rep. Composed 
chiefly of coarse tabular grains of green-black hornblende, with 
smaller and less numerous grains of reddish orthoclase, the minerals 
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being but little changed on weathered surface, thus differing from 
diorite. Little or no quartz. Sp .Gr. 2.82 to 3.00. 

Loc. Picnic Rocks, Marquette, Lower Huronian, probably below 
V. A similar rock (No. 116), most likely the same bed, occurs in the 
Marquette quarries associated with greenstones and related schists. 
A related rock in general character occurs south of the east end of 
Michigamme Lake, having some of the structural characteristics of 
an eruptive mass. Mr. Rutley says: “Is shown, under the micro- 
scope, to be mainly composed of hornblende and orthoclase, many 
patches of the latter mineral exhibiting crossed twin-striation in po- 
larized light. Some quartz is also present. Here and there small 
clear and colorless transverse sections of hexagonal prisms are shown, 
which, between crossed nicols, become dark. These crystals are prob- 
ably nepheline or apatite. Analysis of a moderate quantity of the 
rock would easily show to which of the two minerals they should be 
referred. These crystals are, however, very small and by no means 
numerous. The rock is apparently a porphyritic syenite.” 

No. 78 (5078).— Serpentine (Whitney). Has been called magne- 
sian altered diorite and black trap. No allies. Compare Nos. 82, 83, 
122. See Julien’s black serpentine, No. 321, Vol. II, p. 165, Mich. 
Rep. Iron-black, slightly glistening, hard, compact, brittle, fine- 
grained rock, in which many facets of altered hornblende can be seen 
set in a serpentinoidal matrix. Sp. Gr. 2.80 to 2.92. The analysis of 
a similar rock from this locality (see Foster and Whitney’s Report, 
Part II, p. 92) gave: SiO? 38.24, MgO 14.83, Al?O® 1.48, CaO 1.42, 
IO 9.53, FeO?, FeO and a little NaO 34.50=100.00; from which it 
was inferred that the rock was essentially a hydrous silicate of mag- 
nesia and the protoxide and peroxide of iron. 

Loc. N.E. corner of Presquw’ isle, Lake Superior, where it occurs 
in large, black, irregular, rounded masses, underlying nonconformably 
Lower Silurian sandstones. A short distance out in the lake are sev- 
eral islands of Laurentian granite. It may be eruptive, is probably of 
IIuronian age, and related to some of the altered greenstones. Simi- 
lar rocks, perhaps dykes, occur in the Huronian in Sees. 22, 28, 29, 
T. 49, R. 31, on the Michigamme river. Julien regards them as al- 
tered diorites. See Nos. 322, 323, Vol. II, p. 165, Mich. Rep. 

At these localities the rock has been exposed to the waters of the 
lake or river, which may have produced the alteration, as is suggested 
under No. 120. 

“An excellent example of pseudomorphs of serpentine after oli- 
vine. A great deal of the substance has already been changed into 
vreenish serpentine. The change has taken place by an attack on the 
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olivine along many fissures, that traverse it in every direction.” — 
Wichmann. See also his report, § 59. 

No. 79 (5079). — Diabase (Wichmann). Diorite with magnetite 
(Rutley) Provisional name, © Trap.” Like No. 94. Compare Nos. 
82,83. A grayish-black, minutely glistening, compact, heavy, tough, 
hard, fine-grained, massive rock, with numerous irregular joint-planes, 
and conchoidal fracture. Quite a distinct variety in appearance from 
the several other varieties of diabase. Sp. Gr. 2.85 to 3.01. 

Loe From a vertical dvke at Washington Mine, 10 feet thick, 
which crosses the ore-bed ATIT, and gives off branches. Such dykes 
have been observed at no other mine, and only one or two other sim- 
ilar, and very small ones, in the Huronian. Similar but much finer- 
grained dykes have been seen in the Laurentian, S. W. of L. Gogebie, 
but they are rare of this material, being usually coarse-grained and 
more dioritic. See Julien’s No. 355, Vol. IT, p. 182, Mich. Rep. 

“Plagioclase is present in five rod-like erystals, which in polarized 
light show the characteristic twin-lamellation. Very little orthoclase 
is recognizable. Augite shows a beginning of change into viridite. 
An interstitial substance occurs between the constituenta of this rock. 
It has not been individualized, and must be considered as the remains 
of the original fluid magma of the diabase. Apatite is abundant. 
Diotite, which forms irregular brown folia is not unfrequent. Magne- 
tite is present in sharply defined octahedra, and a little titanic-iron is 
also recognizable. IWlematite appears in blood-red hexagonal folia.” 
— Wichmann. See also § 72. 

“Under the microscope, the section shows a meshwork of crystals 
of feldspar, some triclinic, together with much disseminated macne- 
tite, and some very minute crystals and spicule of hornblende. It 
may be regarded as a diorite.””— Itutley. | 

“The microscopic examination shows that the rock is not a diorite 
but an aphanitic diabase. It resembles pretty closely dykes in some 
of the Swedish mining districts, for instance, Norberg.’ — Torne- 
bohm. 

“Quite similar to Scotch and English dolerites.” — Allpert. 

“From my experience, I would say that this rock is eruptive.?? — 
Hawes. 

No. 81 (8081).— Roofing slate. Provisional name, clay slate. 
Compare Nos. 20 and 113. A bluish-black, firm, argillaceous slate, 
with perfect oblique cleavage and very fissile. Said to bea good roofi ng 
slate. From the Huron Bay slate district. Age unknown, probably 
Lower Iuronian, associated with quartzose rocks. Clay slates are 
generally distributed through the Huronian, but appear to be most 
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abundant in the north and west parts of the Marquette region and 
in the Menominee region. Are often carbonaceous. See Nos. 64, 
115 (2153). When associated with limestone, they are apt to have 
the character of novaculites. See Nos. 10,12 and13. See remarks 
on cleavage under Nos. 20 and 113. The first company for quarrying 
slate in this district was organized Jan., 1872, since which several have 
been formed and a considerable and growing industry is established. 

No. 82 (913).— Diabase (Wichmann). Noallies. Compare Nos. 
79, 94. Several varieties are described by Julienas “ Black Trappean 
Diorite” under Nos. 342 to 349, Vol. II, p. 176 to 179, Mich. Rep. 
Brownish and grayish black, speckled with whitish and brownish; glit- 
tering, hard, tough, compact, coarse, heavy, massive to semi-schistose 
rock, with very uneven fracture. Made up of about one-half black 
amphibolie mineral in irregular crystalline lamellar grains, the facets 
often of high luster, and one-half greenish and grayish feldspar in 
irregular tabular crystals. Weathers unevenly to a dirty brown and 
blackish green, and passes by disintegration into an angular sand, 
No. 99. Another variety contained blackish-brown hornblende, many 
minute fissures of which variety were occupied by a film of a yellow- 
ish-green color, apparently epidote. 

Loc. L’Anse Iron Range, Sec. 9, T. 49, It. 33, in a bed underlaid 
by ferruginous schists and carbonaceous clay slates, probably Lower 
Ifuronian. ‘See Mich. Rep., Vol. I, p. 152. No similar greenstone 
or related rock has been seen elsewhere in the ILuronian or Lauren- 
tian. It differs in its external physical characters from No. 70 and 
similar rocks which Dr. Wichmann names diabases, as widely as 
possible; but it has similar stratigraphical characteristics. Evidence 
of non-conformability between greenstones and adjacent schists exist 
at this locality (See No. 122), and this rock may be eruptive. 

“ Resembles 107 B, Eagle Rt. section, Copper series.’? —- Pumpelly. 
See Mich. Geol. Rep., Vol. I ,Part. II, p. 135. 

“The individuals of angite are large and rather fresh and unaltered, 
yellowish-green in color and highly fissured. Plagioclase, in rod-like 
crystals, shows a beautiful twin-lamellation in polarized light. An 
interstitial substance occurs between these constituents. Titanic iron 
is present in fine crystals, which are aggregated. These aggregations 
represent the hexagonal forms of crystallization of this minera]l.”’>— 
Wichmann. See also his report § 71. 

“ From my experience, I should say after examination of this section, 
that this rock was eruptive.””— Hawes. 

No. 83 (911).— Serpentine (Wichmann). Provisiqnal name, por- 
phyritic greenstone. No allies. Compare with Nos. 122, 121, 78. 
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Described by Julien as No. 351, Vol. IT, p. 180, Mich. Rep. Dark 
bluish-green, dull, with brown, glistening grains, A rather hard, brit- 
tle, compact, heavy, erystalline rock, made up of about one-third 
brownish to copper-ecolored grains of feldspar of good cleavage, in a 
dark, dull bluish-green, aphanitie paste. Fracture uneven. Weathers 
unevenly to reddish-brown. Julien regards No. 99 as the weathered 
product of this rock. It is more porphyritic in appearance than any 
other rock known to be Huronian. 

Loe. Lower Iuronian, L’Anse Tron Range, N. W. } of See. 9, 
T. 49, R. 33. This rock is associated with No. 122 (under which see 
remarks), and may be adyke. 

“This serpentine shows well its metamorphic origin, as it chiefly 
consists of psendomorphis.”? — Allpert. 

No. 84 (1485). — Banded jasper schist (Pumpelly). Provisional 
naine, red-banded chert. No direct allies. Compare Nos. 37, 85. 
Deseribed by Julien as Nous. 166, 167, Vol. TI, p. 87, Mich. Rep. 
Narrow bands of various shades of red, brown, and grayish jasper, 
speckled with red, and occasionally smoky-gray lamin of chaleedony. 
The jasper layers are broken, displaced and bent by tiny faults filled 
by the brownish and more granular portions. This process, if carried 
far enough, would evidently produce the breccia, No. 85. See re- 
marks on this origin of certain breccias, with figures, Mich. Rep., 
Vol. IT, App. K. Fracture uneven, conchoidal. Too hard for file. 
Unchanged on weathered surface. Another variety was more brecci- 
ated, and contained small drusy geodes. 

Loe. Sunday Lake outlet (Black I. series), W. side Sec. 18, T. 
47, Rt. 45. Near the middle IHuronian, associated with ferruginous 
slates, greenstones, and certain closely related gray and greenish- 
banded cherty rocks, which prevail here in these more typical forms, 
to a greater extent than at any other observed point in the Huronian. 
A homogeneous, blackish variety, called lydianstone by Dr. Wich- 
mann, associated with related quartzose rocks, occurs on Black K., 
near center of Sec. 12, T. 47, R. 46 W. The dull to bright-red quartz 
lamina, often jaspery, associated with the specular ores of bed XITI, 
Marquette region (see No. 37), are nearly related, and sre near the 
same horizon. In the Cascade Iron Series, near the base of the 
ILuronian, similar rocks are also found. The nearest related rock 
observed in the Menominee region occurs in bed XVI, at the falls of the 
Paint R., where it is associated with argillaceous and ferruginous rocks. 

The quartzose lamine occurring in the limestones, especially in 
the Menominee region, have not this cherty character, although chert 
in limestone is common in the IIuronian of Canada. 
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No. 86 (1487).— Chert-br2ccia (Wichmann). Provisional name, 
schistose jasper breccia and banded, ferrnginous cherty schist. 
No direct allies. Compare Nos. 84, 37. Described by Julien, Nos. 
124, 125, Vol. II, p. 67, Mich. Rep. More or less angular, flattened 
fragments of green chert, in a greenish-gray, quartzose, crystalline 
matrix. Evidently a greenish variety of No. 84, in which the inter- 
nal motion has been such as to completely break up and displace the 
quartzose laminse. Weathered surface is brown and yellow, and extends 
to the depth of one-eighth inch. See under No. 84. 

Loc. Sunday Lake outlet. W. side Sec. 18, T. 47, R. 45. See 
remarks under No. 84. 

“The regular fragments of chert consist microscopically of aggre- 
gations of small grains of quartz. They contain numerous sharply 
defined rhombohedra of calcite, all of which possess a rough surface. 
The outlines of the fragments of chert are also surrounded by calcite. 
Fluid enclosures are abundant in some fragments; also sometimes 
small needles occur here and there. The substance which cements 
the fragments of chert seems also to be silicious. Only in some parts 
of a thin section it becomes transparent, and here we observe it con- 
sisting of quartz, which is filled with numerous grains of calcite. 
Besides these, a dust-like substance is present, in consequence of 
which the cement is not pellucid. Some irregular folia of chlorite 
occur and also a black opaque substance.””»— Wichmann. See also 
§ 180 of his report. 

No. 88 (1089). — Black hornblende schist (Julicn). Compare 
No. 126, 18, 123. Described by Julien as No. 271, Vol. II, p. 140, 
Mich. Rep. Composed mostly of medium-sized, dark-green, tabular 
grains of hornblende. More schistose than Nos. 75 and 123. Differs 
from No. 77 chiefly in the feldspar, which is greenish-gray instead of 
red. 

Loc. Bed. 1X. Old Washington Mine, in which varieties of this 
rock, which have been called hornblende rock, hornblende gneiss, and 
diorites, prevail. Like the hornblende rock at Schmalzgrube near 
Marienberg in Saxony (Wapler). 

No. 89 (729).— Micaceous chlorite schist (Wichmann). Pseudo- 
morphous chlorite schist, and later, tremolitic mica schist (Julien). 
No allies. Compare Nos. 70, 134. Three varieties are described 
by Julien, Nos. 179, 180, 181, Vol. II, pp. 94, 95, Mich. Rep. 
Pumpelly has described another variety of the same rock under 
“pseudomorphs of chlorite after garnet,” Am. Jour. Sci., Vol. X. 
July, 1875. Dark-green, soft, semi-schistose to massive, chloritic 
rock, containing numerous scales and octahedra, apparently pseudo- 
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morphs of chlorite after magnetite. Crystals of amphibole and 
pseudomorphs of chlorite after the same, also occur. The magnet 
separates several per cent. Effervesces slightly with acid. No 
equally well characterized ehloritie rock has been elsewhere observed 
in large quantities. 

Loe. Bed XUT. Spurr Mine. Occurs in Jens-shaped layers in the 
upper part of the bed next the quartzite XIV, associated with pure 
magnetic ores. The sealy, obscure, chiloritic slate, No. 55, occupies 
the same position in the Barnum Mine. See description of bed XIII 
and remarks under No, 55. Small lenticular masses and bunclies of 
similar rock containing large garnets, occur at the Republic Mt. and 
elsewhere. 

“ This schist represents microscopically a tangled mass of green foulia 
of chlorite. Diotite appears in the form of large brown folia, which are 
strongly dichromatic. They are, on an average, 0.4 millimetres in 
length, and 0.1 millimetres in breadth. Muscovite in colorless folia 
is not unfrequent. Many opaque grains and plates may belong in 
part to magnetite, partly to titanoferrite.” — Wichmann. See also 
his report, § 159. 

“In the thin section the predominant mineral, quartz is found in 
clear, colorless grains, containing minute biotite scales as inclusions. 
It is also rich in biotite, in tiny irregular but rounded scales, bluish- 
green, brownish-green to leather-brown in color; dichroitic, strongly 
so in cross-sections, and quite irregularly dispersed. Long rectangular 
sections consist of altered hornblende, colorless, cloudy, and rendered 
minutely granular by inclusions, whose arrangement often marks the 
original fibrous texture. Magnetite is found in a few minute plates, 
black and opaque, sometimes hexagonal in form.”? — Julien. 

No. 90 (1252).— Mica schist (Wichmann). Fine-grained grayish- 
black gneiss (Julien). No direct allies. Described by Julien, 
No. 257, Vol. H. p. 180, Mich. Rep.  Grayish-white, minutely 
speckled with black, glistening silvery brown mica-scales, hard, tough, 
compact, of a slaty schistose structure, somewhat like the German 
schiefer-gneiss. Dy a diminution and final disappearance of the other 
minerals, this becomes a soft, friable, mica schist with delicately cor- 
rugated surface, as seen below Cedar Portage. 

Loc. Bed XIX. Long Portage, Lower Michigamme river, Secs. 
32 and 33, T.42, R. 31. Similar micaceous and hornblendic rocks, in 
places having granite veins, occur to the west at the portage in the 
Paint river, and have been traced east throngh the south part of T. 42, 
Ks. 30, 29, 28, as far as the meridian of Felch Mt. It cannot be posi- 
tively asserted that all belong to bed XIX, but itis probable. A char- 
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acteristic variety of this bed is the staurolitic mica schist, No. 61, which, 
however, is far less common in the Menominee than in the Marquette 
reg ion. 

No. 91 (1249).— Clay slate (Wichmann). Compare Nos. 132, 121, 
70. Described by Julien as a chloritic feldspathic argillite, No. 
209, Vol. II, p. 108, Mich. Rep. Resembles his No. 339, p. 174. 
Grayish-green, dull, compact, tough, homogeneous, of impalpable 
grain and rather schistose structure, apparently argillaceons and chlo- 
ritic, contains veins of calcite and quartz. Closely related to rocks 
from the Marquette quarries called decomposed diabases by Dr. Wich- 
mann. See remarks under Nos. 70, 120, 121. 

Loc. Michigamme river, midway between Paint and Grand Purt- 
aces. IIuronian, age unknown. Is closely related in appearance to 
the fine-grained, altered, chloritic greenstones. 

No. 94 (1110).—Diabase (Wichmann, Wright). Provisional 
names, black aphanitic diorite and “trap.” 

Like 79, and from same locality. Described by Julien as No. 354, 
Vol. IT, p. 181, Mich. Rep., and by Wichmann, § 72, chap. V. 

I[unt says: ‘Seems to be a fine-grained, compact dolerite.”? Pum- 
pelly says: “True diabase, and resembles the ash-bed diabase, Eagle 
river section, copper-series, to Judge from the thin section.” 

No. 96 (1228). — Ferruginous granite. Compare Nos. 7 and 101. 
Described by Julien, No. 253, Vol. II, p. 128, Mich. Rep. Reddish- 
gray mottled with light-brown, hard, tough, coarse, massive rock, with 
uneven fracture, consisting of feldspar (apparently orthoclase), quartz, 
micaceous-iron and a very little silvery mica. Jesembles the eisen- 
granit of the Germans. The iron has its source undoubtedly in the 
unchanged walls of the dyke, which are quartzite highly charged with 
specular ore. 

Loe. Felch Mt. Secs. 32 and 33, T. 42, R. 28. A dyke running 
north and south across the ferruginous quartzite IT. A similar one 
was seen by Prof. Pumpelly eight miles west on Sec. 31, in the great 
iron-ore stratum of VI. No others have been observed in the Lower 
Huronian of the Menominee region, but in bed XLX, next the over- 
lying granite, a nuinber occur. No unmistakable granite dykes or 
veins have been seen elsewhere in the IIuronian (See No. 7), although 
they are numerous in the Laurentian. One of the proofs of non-con- 
formability. Very much resembles the granite of Hitterde in Norway 
(Wapler). A corresponding rock (so-called “itabyrite’’) is found in 
North Carolina (Geol. of N.C., Vol. I, p. 251, and Vol. II.)— Julien. 

No. 97 (984).— Ferruginous crystalline limestone. No allies. 
Described by Julien as No. 101, Vol. IT, p. 55, Mich. Rep. White 
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to red and blackish, mottled. Irregular grains of calcite, separated 
from each other by a brown harder matrix, constituting less than one- 
half the mass, which Julien calls siderite. The calcite grains have 
dissolved out on the weathered surface, leaving it roughly pitted. 
Effervesces briskly in cold acid, thus differing from the common 
dolomitic variety. 

Loe. See. 28, T. 51, R231. Turen Bay slate district, in a small, 
irregular and vein-like mass, associated with ferruginous minerals. 
Has not been observed elsewhere. 

No. 98 (1428). — Provisionally named chloritic diorite-wacke, 
and later, turgite schist (Julien). Closely related to Nos, 121, 122. 
Described by Julien as No. 325, Vol. If, p. 167, Mich. Rep. A very 
fine-grained, reddish-gray schist, rather soft to the knife, and with 
brick-red streak. Under the loupe, it seems to consist of rather hard, 
black, rounded grains, slightly shining, rarely one-eighth of an inch 
in length, enveloped in a suft, ochreous cement of brownish-red to 
brick-red color. The seams and fissures are reddish-black and shin- ° 
ing. Fragments of the rock decrepitate in a closed tube, sometimes 
quite briskly. The powder loses, on ignition, 6.3 per cent. of its 
weight. 

Loc. W. line of See. 18, T. 47, RR. 45, on Sunday Lake outlet. 
Black river series, west of Lake Gogebic. Precise age undetermined, 
probably middle Huronian. Associated with other greenstones, jas- 
pery and cherty (Nos. 84, §5) and magnetic schists. Similar rocks 
occur in the vicinity of Marquette, and on the L’.Anse iron range. 
See remarks under Nos. 121, 122. 

No. 99 (S87). — Probably a completely decomposed diabase (Wich- 
mann), Provisional names, brown wacké and greenstone sand. 
Compare Nos. 122. 82 and 83. Described by Julien as No. 352, 
Vol. IT, p. 180, Mich. Rep.  Reddish-brown mottled with dirty 
light-yellow, dull and earthy; from an angular sand toa friable de- 
composed rock, produced apparently by the weathering of No. 82, or 
perhaps of rocks related to No. 83. Both the feldspar and hornblende 
are altered, but can be distinguished. 

Loc. Lower Wuronian, L’Anse Iron region. Same locality as No. 
$2, forming the lower portion of that bed, and apparently a disinte- 
grated and altered variety of the same. This variety is found on the 
south side of the ridge and near the contact with the underlying 
limonitic siliceous schist. 

No. 101 (1715).— Granite (Wichmann). Compare No. 96 from 
vein, and No. 7. Light flesh-red orthoclase, an unusually large 
amount of blackish mica, and white quartz. Medium-grained, mass- 
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ive. The micaceous mineral does not appear on the reddish weath- 
ered surface, where the quartz is much more conspicuous than on a 
fresh fracture. 

Loe. Bed XX? Near corner of Secs. 20 and 28, T. 42, R. 32, Paint 
River district. This bed, recently determined as the youngest known 
IIuronian so far as observed, is chiefly granite, often, especially south 
of the great Quinnesec Falls, coarser-grained, lighter colored and less 
micaceous than this varicty. In places it is gneissic, and one variety, 
No. 117, is a well characterized hornblende gneiss. These gneisses all 
conform with the underlying hornblendic and micaceous schists of 
bed XIX. 

“The irregular granules of quartz contain many fluid-enclosures in 
their water-clear substance. The feldspar-constituent is chiefly repre- 
sented by othoclase, which has been altered. A little plagioclase is 
also present. Liotite forms large brown folia, which are strongly 
dichromatic. Small prisms of quartz occur. Some individuals of 
augite, which appear now and then, are nearly colorless and highly 
fissured.””»——- Wichmann. See. also § 60 of his report. 

No. 102 (1641).— Mica gneiss (Wichmann). Provisional name, 
protogine. Itesembles No. 3. Compare No. 65. Brownish-gray . 
gneiss, mottled with reddish and white grains of feldspar and quartz, 
which are often scattered through the somewhat uniform and rather 
finely-grained gray matrix, giving the rock a sort of conglomeritic 
appearance. It is associated with the protogine conglomerate No. 65, 
and is probably a variety of that rock. 

Loc. Bed I. Falls of the Sturgeon, Menominee region. See re- 
marks under No. 65, with which rock this is associated. Quartzose 
bed V, of the Marquette region, graduates into a somewhat similar 
rock. See No. 3. The rocks have considerable resemblance to certain 
chloritic gneisses from the Laurentian. See remarks under No. 3. 

“The water-clear grains of quartz are filled with rows of fluid- 
enclosures, and also contain numerous long bristle-like microlites. 
The crystals of orthoclase are much altcred, and in consequence of this 
their substance is dull in appearance. Muscovite occurs in colorless 
scales and folias besides this, biotite is present in isolated brown folia. 
Magnetite is present in large, sharply-defined octahedra 0.12 milli- 
metres in length and breadth.””— Wichmann. See also § 96 of his 
report. 

No. 103 (2090).— Feldspathic mica schist (Wichmann). Pro- 
visional name, arenaceous greenstone schist. No direct allies. 
Compare Nos. 70, 120. Grayish-green, inclining to black, very fine, 
even grained schist. Uneven fracture. Thin weathering coat of 
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dirty gray-brown. Schistose structure is imparted by mica, which 
appears on the splitting planes. The rock is not gneissic in appear- 
ance, but seems an obscure fine-grained greenstone. See Wichmann, 
§ 116. 

Loc. Ved XIX? One-half mile below Islands Rapids, Menominee 
river, See. 18, T. 40, 0.19, Wis. A rare variety in this bed; prob- 
ably altered by the waters of the Menominee river, which sometimes 
cover it. Similar rocks are occasionally seen. 

No. 104 (1102). — MI a schist (Wichmann). Compare Nos. 56, 
132, 154. Deseribed by Julien as a micaceous feldspathic slate, No. 
204, Vol. I, p. 106, Mich. Rep. Blackish-gray, minutely sparkling, 
very fine-grained, homogeneous schist; containing scales of black to 
grayish-white mica, quartz, and apparently feldspar. Weathers mot- 
tled brownish-gray. This obscure rock seems to be a transition be- 
tween the argillaccous, micaceous, and chioritic families, varieties 
related to it having been placed in each class. 

“The aronndininss consists of an aggregation of small grains of 
quartz, Diotite in form of brown Taiiaiae: aelieh are strongly dichro- 
itic. Muscovite colorless. Magnetite in numerous crystals,””—Wich- 
man. See also § 113 of his report. ; 

East end of Washington Mine. Middle ILuronian, exact age un- 
determined. This rock and its varietics, while it does not character- 
ize any particular bed, is more or less distributed, especially in the 
western part of the Marquette region. <A closely related rock, No. 
132, oceurs in the ILuron Day slate district. 

“ All the common varieties of mica schist occur in North Carolina, 
with muscovite, biotite, and hydrous micas.” 

No. 105 (2207).— Mica schist with actinolite? (Wichmann), 
Provisional name, actinolite schist. Compare Nos. 129 and 54, also 
134, 107. Dark grayish-green, fine crystalline texture, glistening, 
presenting a broken semi-fibrous schistose structure. Uneven fracture. 
Weathers greenish-gray and stained reddish-brown on seams. Altered 
by the waters of the Pine It., which sometimes covers it. Seems 
more nearly related to actinolite schists than to micaceous. 

Loc. Bed XVII or XVIII. 1370 N., 640 W., Sec. 22, T. 39, R. 
17, Wis., associated with hornblendic and micaceous quartz schists 
(No. 140). Somewhat similar rocks are occasionally found in the 
Menominee and Marquette regions, associated with greenstones and 
related chloritice rocks. 

No. 106 (2212).— Hornblendic mica schist (Wichmann). Pro- 
visional name, porphyritie hornblende rock. Compare No.127. The 
base is blackish-gray, has an aphanitic, slightly sparkling texture, and 
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is porphyritic with numerous black slender crystals of hornblende. 
Uneven, conchoidal fracture, massive and very jointed. Golden-brown 
mica on splitting planes. Weathers to a light greenish drab. 

“Calcareous groundmass. Biotite the chief rock constituent. Horn- 
blende in form of beautiful bluish-green prisms. Quartz, with little 
fluid-enclosures. Magnetite.’— Wichmann. See also § 114 of his 
report. 

Loc. Bed XII? 1475 N., 900 W., See. 35, T. 40, R. 17, Wis. A 
rare variety associated with greenstones and anthophyllite schists, and 
not with micaceous rocks. Its lithological affinities seem rather with 
the hornblendic than micaceous family. Diorites very similar in 
appearance except as to color, have been observed in the Marquette 
region. 

“Such rocks as 2212, 2229, 2955, 2254, 1100, 1101, 327, are of the 
same character as the altered slates.collected close around the edge of 
Land’s End granite.”’ — Allpert. 

Ifawes describes similar rocks from Cornish, N. I., in the Geol. of 
_N. EL, Part IV, p. 231. 

No. 107 (1170). —- Micaceous augite schist (Wichmann). Pro- 
visional name, micaceous diorite schist. Compare No.61. Irregu- 
Jar wavy lamine of blackish mica in large scales, and bunchy, thicker 
lamine of a fine-grained, dark grayish-green, somewhat hard rock, re- 
lated to the greenstones. The micaceons portion has considerable 
resemblance to the mica schist No. 61, but its affinities on the whole 
are with the so-called chloritic greenstones and the related micaceous 
looking rocks of bed XI. This rock is interesting as illustrating the 
transition of greenstone into chloritic and micaceous schists. 

Loe. Bed XI. Champion Mine. A more chloritic-looking variety oc- 
curs south of Lake Angeline mine in the same bed. A dark-green variety 
from Republic Mt. was designated mica schist by Dr. Hunt. In bed 
XIII, at the Little Quinnesec falls, Menomince river, isa similar rock 
associated with hornblendic diorite. 

“ Angite light green, often showing the characteristic cleavage, but 
not in form of distinct crystals. DBiotite in very numerous folia. 
Magnetite, quartzose groundmass.”— Wichmann. Sce also § 153, 
Chap. V. 

From a microscopic examination of another thin section of the same 
rock, Mr. I[awes says: “In this section, the mineral in its optical 
behavior is like hornblende. Dichroic, weakly polarizing. I ean find 
no place where a satisfactory cleavage can be found. I do not mean 
to donbt the determination that may have been madeon more or bet- 
ter material. I only suggest that I should doubtit from this section.” 
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No. 108 (2220), — Provisional name, Garnetiferous chloro-mica 
schist (Wright). No direct allies. Compare with Nos. 90, 128, 
from same bed. Grayish-green and light-gray; indistinct, broken 
lamination; fine-grained; containing in places numerous crystals of 
red garnets, larger than peas. The rock is decidedly gneissie in ap- 
pearance and contains pyrites. 

floc. Bed XIX. 1775 N., 500 W., See. 25, T. 30, R. 17, Wis., on 
Pine river. A somewhat exceptional variety in this hornblendic and 
micaceons bed. Garnets, which are abundant in the same bed in the 
Marquette region, have only been observed at this point in the Me- 
nominee region. 

No. 109 (2087). — Mica schist (Wichmann). Provisional name, 
magnetic chloritic schist. No direct allies. Compare 110, 134, also 
with 16. Greenish-black, sprinkled with glistening specks, very fine 
grained, even texture; cleaves readily on bedding planes into thick 
slates, the surfaces of which are covered with a shining, bronze- 
colored, micaceous mineral. Strongly magnetic. Some varieties have 
been called gneisses. 

Loe. Iielieved to be from between beds II and V. From the S. 
E. corner of Sec. 6, T. 41, R. 30, Menominee region, where it occurs 
in a considerable isolated bed. Similar rocks have not been observed 
elsewhere in the ILuronian. The arenaceous and magnetic character 
and black color distinguish it. A related banded rock occurs in the 
Laurentian south of L. Gogebic. See Julien’s No. 213, Vol. IT, p. 110, 
Mich. Rep., a ruck possessing much interest on account of the rarity 
of iron-ore in the Laurentian. 

“Aceregations of irregular simall grains of quartz form the 
groundmass, in which the brown folia of biotite have been imbedded 
in great numbers. These folia have all formed parallel to the schist 
plane. Magnetite is abundant either in distinct octahedra or in 
irrecular grains.”’—Wichmann. See also § 113, Chap. Y. 

No. 110 (2236).— Blackish-gray mica slate (Julien). Pro- 
visional name, micaceous chluritic slate. Compare Nos. 111 and 134 
(2075, 2227). Compare Julien’s No, 210, Vol. II, p. 108, Mich. Rep. 
Dark greyish-green, very tine grained, splits into thickish slates along 
bedding planes, which have a shimmering luster. Ias been called 
slaty gneiss. 

Loe. Bed XVII. Lower fall, Pine R., 1200 N., 1400 W. See. 28, 
T. 39, I. 18, Wis., associated with banded arenaceous quartzose schist. 

“Tn the thin section the predominating mineral is biotite, chiefly 
as leather-brown to fawn-colored plates, brownish-yellow in cross- 
section and stronely dichroitic. These plates, and also smaller 
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rounded or irregular scales and slender blades and needles, are in gen- 
eral loosely scattered about and isolated, but are also concentrated in 
certain laminee. An apparently chloritic mineral (perhaps a form of 
biotite) also occurs in small irregular brownish-green scales, usually 
near or intimately mixed with the brown scales of biotite, and occu- 
pying their interstices; it is more or less dichroitic. Quartz is 
abundant, and even predominates in some lamina in clear and color- 
less irrecular grains, bronght out distinctly in polarized light. 
Minute black scales of hematite, rarely blood-red by transmitted light, 
are scattered pretty uniformly through the micaceous layers, and in 
dusty groups through the quartz. They are often hexagonal, octag- 
onal, etc., in cross-section, and present polished surfaces in reflected 
light.”’—Julien. 

No. 111 (2075).— Micaceous clay slate or phyllite (Wich- 
mann). No allies. Compare Nos. 56, 110, 81, also 10, 114. A light 
slate-colored, fine-grained, hard, eminently fissile slate, without 
oblique cleavage, the splitting planes of which are often wavy and 
which glisten from micaceous lamin, giving it an entirely different 
luster from the ordinary clay slate. 

Loe. Bed XI. At the Four-foot Falls, Menominee R. In it are 
occasional thin seams of gray quartz, containing veins of glassy 
quartz. A related rock, less fissile (No. 56), occurs locally in the clay- 
slate stratum XV, of the Marquette region. Certain Laurentian (7) 
slates which occur on the W. branch of the Ontonagon R., are closely 
related, but were regarded by Prof. Pumpelly as chloritic. See 
Julien’s description of No. 219, Vol. II, p. 118, Mich. Rep. 

“This class of slates finds a large development along the western 
and southwestern border of North Carolina. They generally abound 
in staurolite, kyanite, garnet and ottrelite. (See Geol. of N. C., Vol. 
I, pp. 131-139, ete., and Vol. IT.) ’— Julien. 

No. 112 (2077).—Sericite schist (Wichmann). Provisional 
name, talcose schist. Compare Nos. 74, 73, 53, 54. Light pea-green 
to gray, weathering red; unctions fecling, and irregular, warped, 
schistose structure. The reddish-gray splitting planes have some- 
what of a satin luster. It scems intermediate in character between 
the talcose schist No. 74 and the mica schist No. 53. 

“In a quartzose groundmass, small yellowish folia and scales of 
sericite. Round granules of quartz. Tourmaline, mostly in form of 
broken crystals. Some hydrated oxide of iron.”—Wichmann. See 
also § 118, Chap. V. 

From a test-pit near south quarter post of Sec. 25, T. 40, R. 31, 
bed VII, or the upper portion of the iron-ore bed VI. <A rare rock, 
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closely related to the hydrous magnesian and hydro-micaceous schists 
which occur in the iron-ore bed XIIT, Marquette region, At the Big 
Quinnesee Falls is a similar schist in bed XY. 

“Ts like some that I have described as argillitic mica schist.”— 
Hawes. 

No. 113 (2255). — Clay slate. Compare Nos. 20, 81,10. Between 
Nos. 20 and §1 in character and color. Bluish-black, aphanitie tex- 
ture, imperfect slaty structure, producing rough surfaces. Oblique 
cleavage, Dedding planes are marked by faint oblique bands forming 
every angle with the cleavage planes, which are constant in strike 
and dip. 

Loc. Ted IX or X. South of L. Hanbury, 1750 N., 30 W., See. 
16, T.39, 2.29, Mich. Alternating in thin layers with the arenaceous 
quartzite No.159. This bed affurds the only clay slates with oblique 
cleavage observed in the Menominee region, the fissile character of 
the others in beds XI and AVI being apparently due to lamination, 
as they conform with the bedding. Carbonaccous matter seems con- 
fined to this latter class. Oblique cleavage, so far as observed, is 
always present in clay slates alternating with beds of limestone or 
quartzite, and usually absent when the slate constitutes the whole bed 
or is associated with other rocks. True (oblique) cleavage planes of 
clay slates in the Menomince and Marquette regions, generally, if not 
always, dip ata high angle in a southerly direction, the prevailing 
strike of the rocks being E.-W. Cleavage too uneven and irregular 
to afford valuable slates. 

“Similar slates abound in certain parts of central North Carolina, 
especially in the great belt west of Raleigh, assigned to the Huronian 
by Prof. Kerr. (See Geol. of N.C., Vol. I, pp. 131-132, and Vol. 
IT.) ? — Julien. 

No, 114 (2179). — Argillaceous slate. Provisional name, chloro- 
argillaceous slate. Compare Nos. 10, 81. <A greenish slate color, 
faintly shining on splitting planes, greenish-black and dull on cross- 
fracture. Destitute of oblique cleavage. Splits into moderately thin 
and tolerably even slates of small size on account of numerous joints. 
Appears to be somewhat chloritic. Several varieties as to shades of 
color and perfection of cleavage, occur. 

Loc. Bed XVI. Extensively developed, probably forming bed of 
river, at large island in Brule R., on E. line of Sec. 15, T. 40, R. 18, 
Wis., where, in going N., every transition through chloritic and 
related greenstone schists to nearly massive greenstone, could be 
found. Similar slates are exposed in the same bed at Twin Falls. In 
other portions of this bed, this slate becomes ferruginous and earbona- 
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ceous (No. 115), and contains masses of hematite ore (No. 135). 
Farther up the Brule, related slates, less fissile, apparently more chlo- 
ritic, and presenting often minute corrugations on the splitting 
planes, which are sometimes warped, occur. The absence of all 
appearance of oblique cleavage distinguishes these argillaceous rocks 
from the true clay slates represented by No. 113 and allies. The 
nearest related rock of the Marquette region is that of bed XV, 
extensively developed at L. Michigamme. 

No. 115 (2153).— Carbonaceous clay slate. Provisionally 
called graphitic schist. Similar to No. 64, differing in splitting less 
evenly, containing apparently more carbon, and in its glistening 
graphitic (?) surfaces. 

Loc. Keyes and Fisher’s Location, 675 N., 1900 W., Sec. 21, T. 
40, RX. 18, Wis., associated with clay slate, iron-ore and ferruginous 
quartz schist, in bed XV. 

No. 116 (1720).— Syenite (Wichmann). Provisional name, por- 
phyritic diorite. Compare the hornblendic variety, No. 77, from 
same series. The hornblende grains are smaller, and the proportion 
of red orthoclase is much larger than in No. 77. It contains also 
irregular veins of orthoclase. 

“ Greenish hornblende in form of good crystals, often showing dis- 
tinctly its characteristic prismatic cleavage (angle = 124° 30’), di- 
chroitic. Orthoclase, also a little plagioclase. Titanite in form of 
wedgelike yellow crystals. Quartz, biotite, apatite.’— Wichmann. 
See also § 61, Chap. V. 

Loc. Marquette Quarry. Lower Huronian, probably below V. 
See remarks under Nos. 77 and 75. 

No. 117 (2211).—Syenite gneiss (Wichmann). Hornblende- 
gneiss (Wright). Compare Nos. 90 and 128. Dark-gray sprinkled 
with light-gray, fine-grained, hard, tough, flaggy schistose structure, 
with corrugated splitting planes which glisten. 

“ Greenish hornblende in form of large rods or crystals, often pene- 
trated by needles of apatite, biotite, orthoclase predominating among 
the feldspathic constituents. Plagioclase recognizable by its twin- 
lamellation; quartz; magnetite.’— Wichmann. See also § 103, 
Chap. V. 

Loc. Bed XX. 500 N., 1700 W., Sec. 27, T. 39, R. 17, Wis., on 
Poplar river. This variety of gneiss was not observed elsewhere in 
this bed. It has more lithological affinity with XIX. The prevail- 
ing rock in bed XX is granitic, of which one variety is No. 101. 
Somewhat similar rocks are found in the greenstone strata south of 
the Washington Mine. 
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“A rock of this character, rich in plagioclase, and always of slaty 
structure, attains an enormous development in N. C. (See Geol. 
Report.?) — Julien. 

No. 118 (192). —Quartz diorite (Wichmann). Compare with 
Nos, 71, 75; also with No, 126. Gray-green, coarse-grained, with 
tabular erystals of hyrnblende, massive, touch, weathering brownish. 
gray, Numerous joints stained brown, Graduates into fine-grained 
and schistose varieties, which, in turn, graduate into a chloritic schist. 
Differs from the coarse-grained hornblende rock, No. 126, chiefly in 
containing pale, greenish-gray feldspar. Foster and Whitney give the 
following analysis of a similar rock from the same bed (see their 
report, Part IT, p. 93): SiO? 46.31, AVO® 11.14, FeO 21.69, CaO 9.68, 
NaO 6.91, ILO 4.44, My. trace = 100.77, from which they concluded 
the rock to be a mixture of pyroxene and labradorite, together with 
Water. 

Loe. Tred XI. Near center of Sec. 2, T. 47, R. 27. Associated 
with schistose varieties, sometimes clioritic. It constitutes the 
greater part of this bed in the Negaunce district. Similar rocks occur 
in the Menominee region, in bed XY. 

“Compare with the series of North Carolina diorites. Geol. of N. 
C., Vol. I, pp. 123-125, and full descriptions in Vol. II.” — Julien. 

A rather altered rock. The twin-lamellation of plagioclase well 
observed. ILornblende partly changed into a greenish-fibrous, often 
radiated mineral, called viridite. In this viridite are found as new 
production beautiful crystals of angite. Titanic-iron also altered and 
surrounded by a grayish-white mineral, produced by its change. 
Quartz in form of small grains.””»— Wichmann. See also § 91, 
Chap. V. 

“The thin section contains much epidote (not noticed in Wich- 
mann’s description). The rock is identical with the ones described 
on p. 227 of my New IIampshire Report, Part IV. It especially 
resembles the one from Littleton. Differs only in containing a little 
quartz. This rock, from my experience, should say was doubtless 
metamorphic.’ — ITawes. 

The presence of epidote in quantity was fully verified by Mr. 
Ifawes on a second examination, and he remarks that this mineral is 
quite characteristic of the metamorphic diorites of New I{ampshire. 

No. 119 (2118).— Chlorite schist (Wichmann). Provisional 
name, chloritic diorite. Compare Nos. 70, 76,91. Dark grayish- 
green, fine grained, even texture, jointed and schistose, slightly shin- 
ing. Weathers mottled brownish-gray. Is apparently identical with 
rocks often called dioritic schists and chloritic diorites. 
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Loc. Bed XVI. Near S. qr. post of Sec. 10, T. 38, R. 20, Wis., 
Little Quinnesec Falls, Menominee R., associated with massive green- 
stones and related schists. Similar rocks in appearance, and called 
chloritie schists, occur in beds XVIII and XV, Menominee region, 
and in the greenstone strata of the Negaunee district. 

No. 120 (827).— Decomposed diabase (Wichmann). Provisional 
name, micaceous greenstone schist. Compare Nos. 121, 82 and 122. 
Described by Julien, No. 336, Vol. II, p. 173, Mich. Rep. Dull 
grayish-green, slightly glistening, apparently somewhat decomposed 
rock, related to No. 121, but harder and more schistose. Minute 
scales of a reddish-brown micaceous mineral are dispersed through it. 
Effervesces in acid. Somewhat serpentinoidal in appearance. 

“In consequence of the alteration of the rock, the plagioclase is dull 
and seldom recognizable by its twin-lamellation. Augite has been 
totally changed into viridite. In the viridite, small crystals of augite 
have been formed as result of new-production. Quartz, titanic-iron, 
apatite. In some cavities calcite.”— Wichmann. See also § 81, 
Chap. V. . 

South of Northwestern Hotel, Marquette, associated with obscure 
greenstones and related schists, all believed to be older than bed V, 
and having more or less the appearance of having been altered as if 
by water, which character is lost as they are followed westward on 
higher ground. These rocks may have formerly been covered by the 
waters of Lake Superior, above which they are now elevated only 
a few yards. This hypothesis would not however apply to the sim- 
iler rocks (No. 122) of the L’Anse Range, which are nearly 1000 feet 
higher. | 

No. 121 (821).— Decomposed diabase (Wichmann). Provisional 
name, caleareous greenstone schist. Compare Nos. 122, 120, 99. 
Described by Julien as No. 331, Vol. II, p. 170, Mich. Rep. Ollive- 
green mottled with chocolate-brown, compact, fine-grained, somewhat 
soft, and serpentinoidal in appearance. Fracture uneven, following 
irregular fissures, which renders it difficult to obtain a fresh fracture. 
Effervesces decidedly in acid. Is plainly a finer-grained and some- 
what less altered variety than No. 122. See Chap. V, § 80. 

Loc. North of Northwestern Hotel, Marquette, having position 
and associations of No. 120. 

“Nos. 121, 120, 83, 122, diabases, are too much altered to determine 
whether they had any resemblance to Keweenawan (copper series) dia- 
bases or not; their alteration is in the direction of quartz, chlorite 
and carbonates, which is unusual in the copper series.’—- Pumpelly. 

“Nos. 121, 120, 70, 122, are very highly altered, and are in every 
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way analogous to our Lower Silurian diabase of North Wales, which 
I take to be simply altered dolerites and gabbros.”’— Allpert. 

No. 122 (S89). — Altered quartz diabase (Wichmann). Pro- 
visional names, altered greenstone and serpentine. Compare Nos. 
121, 99, $3. Deseribed by Julien as No. 345, Vol. H, p. 177, Mich. 
Rep. Chocolate-brown, irregularly banded with green. A soft, fine- 
graincd, compact, massive, apparently altered rock, made up largely 
of reddish, altered hornblende, and soft, greenish and grayish feld- 
spar, The rock appears to be intermediate in character between the 
unaltered rock No. $2, and the disintegrated variety, No. 09, but it 
is not known whether it came from exactly the same locality. See 
Chap. V, § 77. 

Lve. Lower HWuronian, L’Anse Iron Range. Very similar rocks, 
if not this specimen, occur in a dyke-like mass, apparently csossing 
ata very acute anvle with the bedding planes, strata of ferruginous, 
quartzose and argillacecous rocks, Itelated rocks occur in the Lower 
IIuronian at Marquette, and also in the Black I. series, but have not 
been seen on the Menominee R. 

No. 123 (2167).— Hornblende rock (Wright and Wichmann). 
Resembles Nos. 18, 22 and 30. Compare the diorite No. 75, and 
also 127. Greenish-black, fine-grained, tongh, massive rock, com- 
posed chiefly of hornblende, with little feldspar. This rock is not so 
black, and weathers less like the diorites than those of the Marquette 
region. Chap. V, § 126. 

Loc. On the Brule river, 1040 N., 470 W., See. 9, T. 40, R. 18, 
Wis., in bed XVIII, associated with clay and chluro-argillaceous 
slates. 

“The white portion of the section I have is largely triclinic feld- 
spar. It resembles the rocks described on p. 229, Geol. of N. H., 
Part IV, as quartz-diorite. It contains epidote also, in addition, and 
not very much quartz. It isa metamorphic quartz-diorite.” — Hawes. 

After a second examination of this rock, Mr. Hawes says: “In 
revard to section No. 123, which I have again examined, allow me 
first to call your attention to the opening remarks under the head of 
amphibolite, on page 230 of the Geol. of N. IL, Part IV. You will 
then see that the difference between the determination of Dr. Wich- 
mann and myself is not so great, except that in the printed list that 
accompanies these sections, no mention of triclinic feldspar is made 
in the diagnosis of the section, and it is certainly present in consid- 
erable quantity in the section that I have. As Dr. Wichmann did 
not observe it in his sections, and as the rock is just one of those 
referred to in my report as being on the dividing line, I should refer 
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it to the amphibolites. I regard the existence of just such rocks as 
this as quite conclusive proof of the possibility of quartz-free diorites 
among the metamorphic rocks; for among variable sedimentary 
deposits, if some undoubtedly schistose or interstratified rocks are 
near diorite in composition, it is not strange that sediments of just 
the composition of basic diorites should occur near by. Then why 
need this very simple explanation be passed over, and the eruption or 
the tuffaceous product of associated eruptive masses, which is always 
referred to for the explanation of the green dioritic rocks, be always 
relied upon.” 

No. 124 (2201).— Hornblende schist (Wright, Wichmann). Com- 
pare Nos. 123 and 127. Banded, dark greenish-gray, fine-grained, 
with numerous laminz or seams of calcite, which, by their destruc- 
tion on the weathered surface, produce corrugations. Contains, also, 
minute irregular veinlets of calcite. Sp. Gr. 2.93. 

“Tlas a quartzose groundmass. Contains hornblende, numerous 
granules of garnet, titanite and magnetite.””-— Wichmann. 

Loc. Bed XVII or XVIII. Near N. qr. post, Sec. 22, T. 39, R. 
17, Wis. Overlaid by quartzose rocks. Hlornblende schist strongly 
banded with calcite, has not been observed elsewhere. Similar rocks 
are describad by Hawes, Geol. of N. H., Part IV, p. 231. 

No. 125 (2124). — Hornblende schist (Wright and Wichmann). 
Compare No. 128 from same bed, also Nos. 31 and 134. Dark 
grayish-green, crystalline, very fine-grained, splitting evenly into thin 
flags. Another variety contained lamine of mica, and another, seams 
of quartz and apparently a little chlorite, having a gneissie appear- 
ance. Chap. V, § 180. 

Loe. Bed XIX. Near W. quarter-post of Sec. 15, T. 38, R. 20, 
Wis. This bed contains granite dykes in this vicinity and is over- 
laid by the granite of bed XX. This stratum, which is decidedly 
hornblendic in the southern part of the Menominee region, is highly 
micaceous in the northern part. 

Hawes describes similar rocks in Geol. of N. H., Part IV, p. 231. 

No. 126 (2200). — Hornblende rock (Wright). Much finer-grained 
are Nos. 123,18 and their allies. Blackish-green, very coarse-grained, 
massive and jointed, presenting numerous large tabular crystalline 
facets on fresh fracture. 

“The groundmass consists of an aggregation of quartz-granules. 
Hornblende, a little feldspar, biotite and magnetite are present.’? — 
Wichmann. 

Loc. Bed XVII or XVIII. 1900 paces N. and 1000 W. from S. 
E. corner Sec. 22, T. 39, R. 17, Wis. Its lithological affinities are 
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with AVIT, but it is much coarser grained than the prevailing varie- 
ties. Finer-grained and more schistose varieties overlie this. These 
very coarse-grained hornblendic rocks have not been observed in the 
Marquette region, and they have nowhere been seen constituting 
heavy beds. 

Mr. Hawes savs this “hornblende rock contains seareely any tri- 
elinie feldspar. The presence in the set of all shades between horn- 
blende schist and real diorite, by the introduction of plagioclase and 
elimination of quartz, indicates that you have the same series of rocks 
as have been studied in the Pyrences (sce p. 230, Geology of N. ID), 
and also in New Hampshire and elsewhere. It may be interesting to 
read my chapter in N. If. Reports, on the greenstones in connection 
with these rocks.” 

No. 127 (2182).— Micaceous hornblende schist (Wichmann). 
Provisional name, diorite. Compare the hornblendie (porphyritic) 
mica schist, No. 106; also Nos. 123 and 126. Dull greenish black, 
massive, uneven fracture, appears like an altered diorite. The fresh 
surface shows bright elongated crystalline facets. Weathers brown. 
Sp. Gr. 2.80. 

“(Quartzose groundmass. JIornblende in form of small needles. 
Biotite in numerous folia, Some orthoclase. Titanite.””>— Wich- 
mann. See also $136, Chap. V. 

Loe From bed XVIT. 750 N., 1875 W., See. 17, T. 41, R. 31, 
on Brule river. <A rare variety in this hornblendic stratum. 

Ilawes says: ‘“ The section I have has much plagioclase and little 
quartz; 1t is almost a dioritic schist.” 

No. 128 (2245).— Micaceous hornblende sehist (Wichmann). 
Resembles No. 125 from same bed. Compare No. 117. Blackish- 
green, fine-grained, holding lamine of dark-brown mica, splitting into 
thin, uneven flags, and faintly striped on weathered surface. Splitting 
planes sparkle from leaves of mica. <A slaty gneissie variety contains 
laminze of brownish-green and yellow mica, over the surface of which 
are scattered in somewhat fan-shaped forms, slender crystals of black- 
brown hornblende, which are sometimes collected in bushy bunches. 

Loc. Ded XIX. IWigh ledge, 1500 N., 0 W., Sec. 12, T. 39, FR. 
16, Wis. 

This rock unites in itself the hornblendic and micaceous character 
of this stratum, which is almost entirely made up of hornblende 
schists, mica schists, and closely related rocks. 

No. 129 (2238). — Actinolite schist (Wichmann, Wright). Com- 
pare Nos. 105, 54. Silvery greenish-gray, very coarse, fibrously radi- 
ated, crystalline texture. The fan-shaped bunches of actinolite are 
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often an inch or more in length. Very soft, hardening on exposure 
to the air. Reddish ochre in seams and cavities. 

“Contains large prisms of actinolite, colorless and highly fissured. 
Between them is a chloritic substance.” — Wichmann. See also 
§ 120, Chap. V. 

Loe. Bed XVI. 1200 paces N. and 1000 W. of S. E. corner, See. 
28, T. 39, R. 18, Wis., below Lower Fall, Pine R. Overlaid by clay 
slate. A finer-grained, firmer variety occurs 2 miles W. of Loon lake, 
near N. quarter-post of Sec. 34, T. 40, R. 17, supposed to belong to 
XVIII. See remarks under the micaceons variety No. 105. Well 
characterized rocks of this kind are only found in the Menominee 
region and west of the river. Certain obscure fine-grained horn- 
blendic greenstones of bed XI, Marquette region, have received this 
name. 

“Like the actinolite schists from Pittsburg, N. H., lacking the 
pretty rutile crystals. See Geol. of N. H., Part LV, p. 232.” — 
Hawes. 

No. 130 (2186). — Provisionally named Magnetic anthophyllite 
schist (Brush), and magnetic anthophyllite-actinolite schist (Wright). 
Compare Nos. 27,58. See references under Nos. 27 and 58. <A fresh 
fracture presents irregular bands of different shades of silvery and 
ereenish-gray, sparkling with minute elongated facets of the amphi- 
bolic mineral. Schistose and strongly magnetic. Brush says: “It 
appears to be a mixture of some blackish hornblendic mineral with a 
mineral resembling anthophyllite.” This mineral exists in minute 
fibres and blades, generally radial and often in beautiful star forms. 
The splitting planes have a brown weather-surface, which often ex- 
tends one-fourth of an inch into the rock. It often contains laminz 
of arenaccous quartz. Sp. Gr. 4.00. A highly ferruginous specimen, 
banded with lamine of white quartz sandstone, gave E. T. Sweet 
with Prof. Daniells, Madison, Wis.: JF e?O® 44.06, FeO? 19.62, SiO? 
18.98, Al’O* 7.82, CaO 2.54, MgO 1.66, Mn’O8 .20, PO®.12, 8 .21, HO 
4.32 = 99.53. 

Loc. Bed XV. 400 paces N., 500 W., from the S. E. corner Sec. 
25, T. 40, R. 17, Wis. It occurs close by in the same, associated 
with much iron, both magnetite and hematite. 

In the Marquette region a related manganiferous wariety, less 
quartzose, forms bed XVII. See Nos. 58, 59. It is not improbable 
that workable beds of ore may be found with this rock. See remarks 
under No. 58. 

No. 131 (221).— Magnetic actinolite schist (Wichmann). No 
allies. Compare Nos. 27 and 28 from same bed, also Nos. 58 and 
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148. A dark-vray, faintly banded, fine-grained, magnetic schist. 
Uneven semi-conchoidal fracture. Dues not split along striping. 
Weathers brown. Contains a large percentage of some other mineral 
besides maenetite, which does not give fire with steel and is appar- 
ently amphibolie. Nos. 15,19 and 23 are related in the amount of 
iron they contain, but differ in being highly siliceous and giving fire 
with stecl Chap. V, § 121. 

Toe. Ved X. S. W. qr. of N. EL qr., See. 13, T. 47, 2. 27, where 
it is associated with other ferruginous rocks and greenstones. This 
varicty has not been observed elsewhere. Nos. 27 and 238 from same 
bed, although differing widely in their physical characters, are believed 
to be related to this rock, especially the former. Dr. Wichmann also 
finds an amphibolic mineral in the magnetic ore of Penokee Gap, 
Wis., which however gives fire strongly with steel, and is black and 
more compact than this rock. <A variety intermediate between this 
specimen and No. 28 has been observed. 

No. 132 (982). — Feldspathic chlorite schist (Wichmann). Pro- 
visional name, argillaceous schist. Compare Nos. 134, 55, 104. De- 
scribed by Julien as gray, feldspathic argillite, No. 200, Vol. II, p. 
104, Mich. Rep. Cast-iron gray, slightly glistening, compact, fine- 
grained, slaty schist, with an uneven fracture. Weathers blackish- 
gray. A rock similar in appearance, No. 104, has been called mica 
schist. See remarks under No. 104. This rock appears to be a tran- 
sition variety between micaceous, argillaceous and cliloritic rocks. 
Chap. V, § 198. 

Loc. Uuron Bay slate region. Probably Lower IIuronian. Not 
a common variety. 

No. 133 (2091).— Micaceous chlorite schist (Wichmann). Com- 
pare Nos. 132, 134, 70. Dark greenish-gray, fine-grained, somewhat 
jointed, irregular schistose structure. The fresh surface of this rock 
has a peculiar delicately shining luster. Golden-mica scales in joints. 
Chap. V, § 160. 

Loc. At the “ Point,” N. E. corner of Sec. 18, T. 40, R. 18, Wis., 
on the Menominee R., in bed XVIII. Associated with this isa 
variety of the same rock containing numerous irregular seams of 
calcite. On the north side of the river are massive to schiistose, 
greenish-gray, quartzose rocks, belonging to the same bed. The chlo- 
ritic quartzose series constituting this stratum are best exposed at the 
Islands Rapids, one mile above. 

No. 134 (2227). — Actinolitic chlorite schist (Wichmann). Chlo- 
rite schist (Wright). Related to No. 55. Compare Nos. 132, 109 and 
128. Dark-grayish-green, very fine-grained, even texture, slightly 


590 GEOLOGY OF THE MENOMINEE IRON REGION. 


glistening. Splitting planes unevenly corrugated. Thin greenish- 
gray weather-coating. Next to No. 89, the best characterized chlo- 
ritic rock. It is more nearly related in character to the so-called 
chloro-argillaceous slates (without oblique cleavage) of beds XVI and 
A VIII of Lower Brulé. See No. 114. 

Loc. Bed XIX. Upper Falls, Pine R., Sec. 30, T. 39, R. 18, Wis., 
associated with hornblende schist and underlaid by quartzose schist, 
believed to belong to XVIII. A rare variety, particularly in this 
bed, which is usually micaceous and hornblendic. 

“ Quartzose groundmass. Greenish chlorite, therein small prisms 
of colorless actinolite. Some grains of magnetite.” — Wichmann. 
See also § 133, Chap. V. 

No. 135 (2154). — Red hematite. Compare Nos. 24, 35. Pur- 
plish-brown, without luster, aphanitic texture, with a few irregular, 
broken, quartzose lamin. Dreaks irregularly. This ore apparently 
forms a lithological connecting link between the soft earthy hematites 
and limonitie ores of the Marquette region, like Nos. 24, 35, and the 
rich hard specular varieties, like No. 45. Sp. Gr. 3.60 to 4.82. An 
average sample gave E.T. Sweet: Fe’O® 75.47, FeO? trace, SiO? 14.28, 
ALO? 4.31, Mn?O* .23, CaO .88, MgO .43, PO® .08, S .09, HO 3.94= 
99.71. 

Loc. Bed XV. Keyes’ and Fisher’s location, 725 paces N. and 
10 W. of S. E. corner Sec. 20, T. 40, R. 18, Wis., associated with 
banded ferrnuginous quartzose schist and clay slate, often carbona- 
ceous, which are the prevailing rocks in this bed. 

A similar association of rocks, believed to be the same horizon, has 
been traced along the Brule and the line dividing ranges 32 and 33, 
T. 42, to the falls of the Paint R. in Michigan, and ore similar to this 
is found at several points. 

No. 136 (2284). —Soft purple hematite slate. Mesembles No. 
67. Compare with Nos. 44,49. Has some points of resemblance 
with Julien’s magnetite schist, No. 229, Vol. IT, p. 118, Mich. Rep. 
Differs from No. 67 only in possessing a higher luster, approaching 
some of the dull varieties of specular ore, due to its greater richness 
in iron. It is of a bluish slate or pigeon-color. Under the lens the 
ore seems to be entirely composed of exceedingly minute grains of 
specular hematite, only slightly compacted into a slaty, friable, iron 
(somewhat porous) sandstone. Ifence, while in physical character it 
is essentially different from the specular ores of the Marquette region, 
it is chemically nearly identical. If we suppose the silica to be dis- 
solved out of such associated flag-ores as No. 68 by alkaline waters, 
this ore would result; and if the process were continued to the 
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hydration of the iron-oxide, we may suppose the associated earthy limo- 
nitic ores similar to Nos. 25 and 34 to be produced. Sp.Gr. 4.90, An 
average sample gave E. T. Sweet: Fe®O? 00.20, FeO? .76, SiO? 4.24, 
APOS 3.81, Mim’O# trace, CaO 36, MeO .09, POS.11, 8S .03, ILO .57, 
= 100.17. 

Toe, Ped VIL) Quinnesee Mine, See. 34, T. 40, R. 30; associated 
with hematitic quartzose flags and ferruginous argillaceous schist. 
An identical ore, except in being disintegrated to a specular sand in 
soine instances, occurs at the quarter post between Sees. 9 and 10, T. 
39, I. 29, imbedded in hematitie quartz-flags, No. 68. A harder 
variety oceura, apparently in small quantities, at the Breen. Ixten- 
sive explorations have proved the existence at this point, as well as 
on Sec. 10, T. 39, Rt. 29, of workable deposits of this excellent ore, 
Which are only awaiting railroad facilities to be introduced into thie 
market. 

No. 137 (2088).— White quartzite, Compare Nus. 21 and 50. 
Julien describes varicties under Nos. 126 to 155, Vol. IT, pp. 68 to 72, 
Mich. Rep. Grayish white, arenaceous, semi-saccharoidal texture, dull 
vitreous luster, massive to semi-schistose structure, often jointed, re- 
sembling a highly indurated sandstone. The bedding is often very 
obscure, being sometimes marked by a faint indistinct striping. 
Green actinolite, brown mica and specular iron occur as accidental 
minerals, but are not common. Sp. Gr. 2.68. 

Loe, It constitutes bed IT, at the S. qr. post of See. 17, T. 41, R. 30, 
where there is an exposed thickness of 500 feet. A nearly identical 
rock occurs in beds V, VIIL and XIV, Marquette region, and is 
generally distributed, being found in the ITuron Bay district, west of 
L. Gogebic, and on the Penokee Range. Quartzites, especially red, 
are apparently more abundant in the I[uronian of Canada, than in 
Michigan. This rock is frequently plainly ripple-marked on bedding 
planes. The false stratification of the original sandstone can often be 
seen. See fig. 2, p. 109, Vol. I, Mich. Rep. The Felch Me. 
specular ore deposit, somewhat like No. 37, is believed to be a highly 
ferruginous part of this quartzite bed IT. 

“Similar quartzites abound in the IIuronian belts which Kerr has 
distinguished in North Carolina. (Geol. of N.C., Vol. II, pp. 131- 
139, and Vol. IT.)’’— Julien. 

No. 138 (2093). — Chloritie quartzite (Wright). Compare Nos. 
50, 1389. Dark-green, sprinkled with light-gray, medium-grained, 
arenaceous, even texture, strongly jointed, uneven fracture, weathers 
brown. Made up of different sized crystalline grains of white, glassy 
and smoky quartz, in a greenish-gray matrix, which seems to be chlo- 
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ritic and micaceous. A fine-grained, exceedingly tough, variety occurs 
at the mouth of the Michigamme river. 

Loc. Bed XVIII. Center of Sec. 23, T. 41, R. 31, associated with 
chloritic schist, which rocks graduate into each other and constitute 
the bulk of this bed. A similar, but more arenaceous rock, is found 
in bed V, Marquette region, near the Cascade Mines. 

No. 139 (1621). — Dark-gray arenaceous quartzite (Dr. Wich- 
mann calls it a sandstone). No allies. Compare with Nos. 52 and 
138. Dark-gray, sometimes mottled brown, arenaceous quartzite, or 
compacted sandstone, with numerous minute veins and bunches of 
white quartz, and a deep weather-coating up to one inch, of brown, 
friable sandstone. The quartz veins are perpendicular to the bedding 
planes, and present distinct white reticulations on the brown weath. 
ered surface. The dark color, tendency toward decomposition, quartz 
veins, and its evident fragmentary character, distinguish this 
quartzite. 

“Trregularly shaped or round granules of quartz. In the greater 
part, calcite fills up the intervals. Numerous black particles belong 
to coal.””>— Wichmann. See also § 136, Chap. V. 

See description of white sandstone lamine under No. 52. This 
particular variety of quartzite has not been observed elsewhere. 

Loe. Bed IX? South of ‘Lake Hanbury, Menominee region, 
associated with clay slates having oblique cleavage. 

No. 140 (2205). — Micaceous quartz schist. Resembles No. 50. 
Compare No. 51. Medium to dark-gray, specked with light-gray, 
fine-grained, glittering on splitting planes, and to a less extent on 
eross fracture with scales of mica, containing also small bunches of 
brown mica. Unevenly schistose, the planes sometimes presenting 
fine indistinct corrugations, such as are often seen in mica schists, 
but rarely in quartzites. Weathers whitish, toa depth of less than 
one eighth inch. In other varieties the material is in part crypto- 
crystalline and almost cherty. 

“The grains of quartz are intermingled with brown strongly dichro- 
itic folia of biotite and such belonging to the muscovite, which are 
colorless. All the mica is placed parallel to the schist-plane.”’ 
Wichmann. See also § 45, Chap. V. 

Loc. Bed XVIII. 1500 paces N. and 850 W. of S. E. corner, 
Sec. 22, T. 39, R. 17, Wis., near junction of Pine and Poplar rivers, 
where these rocks prevail, constituting the greater part of this bed. 
In the same bed on the Upper Menominee and tributary streams, 
occur dark greenish-gray granular varieties, associated with chloritic 
schists (No. 138). Identical rocks, graduating into micaceous-iron 
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conglomerate schists, occur in bed NIV. Menominee, and somewhat re- 
lated conglomeritic micaceous rocks (Nos. 50, 51), occur in the same 
bed, Marquette region. Conglomerates, however, do not occur in bed 
XVIIT, Menominee region. Identical rocks have not been observed 
elsewhere. 

No. 141 (1744). — Siliceous limestone (Wichmann), Compare 
Nos. 9, 142, also the quartzite No. 8. See references under No. 9; 
also Chap. V, $356. Grayish-white, mottled and sprinkled with red, 
composed of ae of glassy quartz in a crystalline matrix of lime- 
stone, probably dolomitic. Schistose, and containing numerous joints 
stained brownish-yellow. The quartz grains project from the dirty 
yellowish-green weathered surface, appearing like angular grains of 
sand, having a general parallelism in their longer axes. 

“Trreenlar shaped grains of quartz containing little fluid-enclosures. 
Seme grains of feldspar, which mostly are triclinic. The intervals 
filled up with calcite, which shows very distinctly the characteristic 
twin-lamellation.”” — Wichmann. See also § 36, Chap. V. 

In some particulars the rock has considerable resemblance to the 
quartzite No. 8, which is believed to be from the same bed (Republie 
Mt.), but eighteen miles distant N. N. FE. 

Loe. South line of See. 33, T. 44, It. 31, W. of quarter post, as- 
sociated with ferruginous, quartzose, and chloritic rocks, and in places 
ribbed like No. 66. Pumpelly observed in a neighboring outcrop of 
marble, a bed of “fissile chloritic slate”? several feet thick; and an- 
other outcrop showed a variable amount of finely disseminated quartz, 
and of quartz in seams or threads. These facts all point towards the 
equivalency of this quartzose marble bed with the marble-bearing 
quartzite of the Marquette region, and still more strongly towards its 
equivalency with the same bed in the Menomince region. 

No. 142 (2086).— Saccharoidal dolomite-marble. Provisional 
name, tremolitic white marble. No allies. Like Julien’s No. 103, 
Vol. II, p. 56, Mich. Rep. Grayish-white; granular, erystalline text- 
ure; massive; uneven, conchoidal fracture; ragged blackish weathered 
surface, due tu the projecting crystals of tremolite, which is irregularly 
dispersed in the direction of bedding in bladed erystals one-eighth to 
over one inch long, and which appear, where weathered, somewhat - 
like fragments of clay slate. 

Loc. Bed X? 800 paces N. and 600 W. of S. E. corner See. 34, 
T. 42, R. 30. This bed, which has only been observed in the north. 
east part of the AC ionines recion, is characterized by the presence 


of tremolite; otherwise much like V, as developed in the vicinity. 
Von. HL. — 39 
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Wright finds a similar rock in a corresponding position in the Penokee 
series. See Chap. V, § 35; also, remarks under No. 66. 

“A similar dolomite from North Carolina has been referred to by 
Kerr (Geol. of N. C., pp. 133-138) and Bradley (op. cit.). See also 
Geol. of N. C., Vol. I1.”— Julien. 

No. 143 (1626).— Dolomite (Wichmann). A variety of No. 66. 
Bluish-gray to grayish-blue, semi-schistose to massive, numerous 
joints. Weather coating is dirty cream color, sandy, and shows ribs 
like No. 66. In another sandy variety, the siliceous laminse were not 
thicker than paper, even, and presented a beautiful fine purple par- 
allel striping on fresh surface. 

“ Agcregations of irregular granules of dolomite. Calcite recog- 
nizable by its twin lamellation, Quartz in form of small grains or 
veins with many fluid-enclosures, also often containing crystals of 
dolomite.’— Wichmann. Sce also §40, Chap. V. 

Loc. Bed V. N. W. qr. of S. W. qr., Sec. 11, T. 39, R. 29, on 
Pine creek, Mich. See remarks under 66, 9, and. 141. 

No. 144 (21).—Micaceous limestone (Wichmann). No allies. 
Compare Nos. 1438, 66. Gray, fine-grained rock, glistening with 
facets of calcite. The eminently schistose structure seems to be im- 
parted by scales of mica. It effervesces with acids much more readily 
than the dolomites, to which it does not seem related either in appear- 
ance or stratigraphy. Thin yellowish weather-coating, which does 
not penetrate the rock. See Chap. V, § 37. 

Loc. 8. W. qr. of N. E. qr., Sec. 13, T. 47, R. 98, near M. IL. and 
O. R.R. Age unknown; supposed to be Middle Huronian. Has 
only been observed at this locality. | 

No. 145 (718).—Quartz conglomerate. Compare No. 51 from 
sane bed, also No. 65. See Julien’s descriptions, Nos. 114 to 118, 
Vol. II, p. 63, Mich. Rep., of several varieties of this rock. Blackish 
to grayish-green, mottled, tough, hard, compact, made up of round 
pebbles of arenaceous quartz, and angular masses of milky and 
smoky-quartz, often containing blackish-green scales of a soft chloritic 
mineral. J*racture uneven streak greenish to grayish white. Weath- 
ered surface but little changed, but generally roughened by the pro- 
jection of the harder portions, which have better resisted the influence 
of the weather. | 

Loc. Bed XIV. Spurr Mt. Sec. 24, T. 48, R. 31, where this bed 
is in part a true conglomerate, as it is also near the Washington 
Mine, and on the Saginaw Range. A bed of quartz conglomerate is 
also found in the Cascade series below V. Inthe Menominee region, 
specular and occasionally micaceous conglomerates related to No. 51, 
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are found in bed XIV, west of the river. But the best characterized 
and most interesting conglomerate is the gneissic schist holding 
pebbles of granite, gneiss, and quartz, at the base of the Wuronian 
on the Sturgeon TI Sce No. 65. A similar rock is found in the 
N. E. qr. of N. E. qr. of See. 1, T. 45, I. 32, associated with ferru- 
vinous rocks, 

“Slate and jasper conglomerates” are very common in the Huro- 
nian of Canada. 

No. 146 (2234).— Mica gneiss (Wichmann). Provisional name, 
micaceous quartz schist. Compare No. 140. The augen gneiss 157 
isavariety. Speckled Jight and dark-gray, fine-grained, crystalline 
mass, apparently made up of quartz and feldspar, in which are 
numerous minute lenticular or gash seams of black mica, which 
impart to the rock a schistose structure and give the cross fracture a 
broken striped appearance. Shows little disposition to break in the 
plane of the mica lenses. Contains seams of white calcite, and 
weathers dirty greenish-eray. 

Loc. From bed XVII,$25 N., 0 W., See. 24, T. 39, R. 17, Wis., 
associated with micaccous quartzose rocks related to No. 140, which 
constitute a heavy E.-W. bed, which is believed to be the equivalent 
of the gneiss series on north side of the Menominee, near head of Big 
Quinnesec, where an augen variety (157) is seen. Wichmann, § 100, 
Chap. V. 

No. 147 (2271).— Sericite gneiss (Wichmann). Provisional 
name, feldspathic protegine. Has been called feldspar porphyry 
schist. No allies. Compare No. 65. Flesh-red on cross fracture, 
fine-grained, slaty schist, splitting readily into small, thin, uneven 
flags, the feldspathic laminw being separated by exceedingly thin 
layers of a hydrous magnesian mineral, apparently chlorite. No 
distinct ervstals can be recognized with the loupe. Contains iron 
pyrites. Effervesces slightly in acids. Fuses at 4.5 to a white pearly 
glass. Chap. V, § 107. 

Loe. Prd XVIT. Below Sturgeon Falls, Menominee region, 1225 
paces N., 850 W. of S. E. corner, Sec. 27, T. 38, I. 21, Wis., in a 
considerable bed. <A related rock, but coarser grained and more 
smneissic, and graduating into a granitoid variety, occurs in an E. and 
W. belt about 18 miles north; probably same horizon. Has not been 
observed elsewhere. 

No. 148 (1752).— Hornblendic, quartzose magnetite schist 
(Wichmann). No allies. Compare Nos. 131, 28; also 17. Iron- 
gray, very fine-grained, homogeneous, very hard, tough, heavy rock, 
splitting into small slabs with rectangular terminations, due to joints. 
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Weathers black. Highly magnetic. .The presence of an amphibolic 
mineral in this ore, as determined by Dr. Wichmann, is interesting, 
since this is rarely the case with the rich ores of the Marquette 
region. 

Loe. Penokee Gap, Bad river, Wis., in the Upper (?) Huronian. 
Forms the most northerly exposure of iron to be observed, being near 
the north face of the ridge, constituting a bed say 200 feet thick. 
This appears to be a part of the great Penokee magnetic iron range, 
which can be traced for many miles east and west of this gap, form- 
ing usually the crest of the ridge. No identical ores have been 
observed elsewhere, but certain rocks in bed X, Marquette region (see 
Nos. 27, 28, 131), and the ore from the Magnetic Mine (No. 17), are 
closely related. 

No. 149 (3149).—Chiastolitic slate (Wright), Compare No. 28. 
A micaccons clay-slate holding numerous crystals of chiastolite. 

Loc. Upper Huronian, Bed XTX? Penokee range, 1200 paces N., 
and 1,600 W., of S. E. corner S. 11, T. 44 N., R. 3 W., Wis. I heve 
not seen this rock in place in the U. P. of Michigan, nor in the Men- 
ominee range of Wisconsin. 

No. 150 (2417).— Garnet rock (Pumpelly). Compare Nos. 27, 
152. Gray to brown, medium-grained, crystalline, somewhat mag- 
netic, schistose. . 

Toc. Bed IV? Near N. E. corner of Sec. 7, T. 41 N., R. 30 W., 
Mich., associated with magnetic mica schist, No. 109. At no other 
point in the Huronian has so highly a garnetiferous rock been found 
in quantity. The eklogite bed (X), Washington mine, Marquette re- 
gion, and in T. 39, R. 17 E., Wis. (151), are nearest related. Garnet 
as an accessory mineral is quite common, especially in the chloritic 
schists of XIII, and mica schists of XIX, Marquette region. This 
rock is believed to be equally rare in other portions of the Huronian. 

No. 151 (2819).— Eklogite (Julien). Resembles 27. Compare 
150. Contains acicular tremolite or actinolite, with small red gar- 
nets, and is schistose in structure. 

Loc. Bed XIII? 175 paces N., 300 W. of S. E. corner, Sec. 13, 
T. 39 N., R. 17 E., Wis. One of the series of thin beds represented 
by Nos. 2814 to 2822, underlying the great quartz conglomerate 
(XIV). This rock is rare, and may perhaps be regarded as a local 
garnetiferous variety of actinolite schist. 

No. 152 (2686). — Magnetic actinolite schist. Closely related to 
No. 58. Compare Nos. 130, 59, 129, 153. Garnetiferous varieties? 
(which have been called eklogite) are 27, 151. 


Loe. Bed XVIII? 625 N., 1150 W., Sec. 35, T. 40 N., R. 17 E., 
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Wis., constituting a broad and, in places, highly contorted and altered 
belt of rock, with N. W. S. E. trend. What appear to be pseudo- 
morphs of hematite, which is sometimes changed into magnetite after 
the actinolite, are common. In No. 153, the change is complete, 
resulting in iron ore schist. The Breitung ore, See. 28, T. 39 N., R. 
18 E., is lithologically the same, and may be in the same horizon. 

No. 153 (8504). — Actinolitic flag fron ore. Compare 130, 152. 
A shining, coarse-grained, blue-black ore, with brown weathering. It 
splits into even thin flags with rough surfaces. The iron seems to be 
a pseudomorph after actinolite. 

foc. Upper Huronian. 1,400 paces N. and 2,000 W. of SE. 
corner See. 27, T. 40 N., R. 17 E., Wis, in a test pit. It is the purest 
ore observed west of Lake Eliza, but the quantity was not made out. 
It may be regarded as a highly ferrnginous variety of the actinolite 
schist of this district [152], which usually contains more or less iron. 

No. 154 (6450).— Granular speeular iron ore. MMartite, mas- 
sive, rich in iron. Tron pyrites oecurs in parts of the deposit: 

Loew Bed XV. 250 paces N. and 1,750 W. of S. E. corner See. 
32, T. 40 N., I. 18 E., Wis., on the Commonwealth Iron Co.’s land, 
and known as “See. 02”? Mine of the Commonwealth range. This 
ore closely resembles the massive granular specular ores of the Mar. 
quette region, and is unlike any other one yet found in quantity in 
the Menominee region. It differs from the specular slate ore of the 
Cyclops Mine, Michigan, in being more slaty and finer grained. The 
association of cliloritic schists and banded cherty schists is like the 
Marquette iron series. 

No. 155 (2996).— Kersantite mica trap (Julien). Provisional 
name, greenstone schist. Compare Nos. 70 and 120. 

Loc. Bed AVL or XIX. 100 paces N. and 1125 W., S. E. corner 
Sec. 7, T. 38 N., KR. 20 E., Wis. Belongs to the Big Quinnesec 
series, and to a large family of rocks, usually denominated green- 
stone or diorite schist. If Mr. Julien’s provisional name be sustained 
by further examinations, it is probable that several specimens may be 
embraced under‘it, now included under diabase and greenstone. 

After a preliminary microscopic study of a thin section, Mr. Julien 
says: “It consists of two minerals. 1st. Minute grains of colorless 
and clear feldspar, polarizing brightly with crossed nicols, and some- 
times showing twin structure. 2nd. Predominates and is present in 
two forms, as bluish-green, irregular scales, decidedly dichroic, and 
also of fibrous blades of greenish shades of color, and colorless 
needles varying in size down to minute microlites. The latter appear 
to represent original blades of hornblende, but rarely display its 
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strong dichroism. The green scaly mineral appears to be interme- 
diate between biotite and chlorite. Apparently a mica trap.” | 

No. 156 (2650).— Granulated biotite schist (Julien). 

Loc. 1750 paces N. and 300 W. of S. E. corner Sec. 2, T. 39 N., 
R.17E., Wis. Several varieties of this schist occur at this point, form- 
ing a considerable bed associated with pyritiferous chlorite or clay. 
slates. Actinolite schists occur to the west and greenstones east, the 
structural relations not being fully made out. At Sand Portage is 
a similar rock (2106] in or near this horizon. - 

No. 157 (2912).— Augen-gneiss (Julien). A variety of No. 146 
which is supposed to be from same bed. Gray and typical in appear- 
ance. The mica is biotite, and the feldspar triclinic, with large and 
rare crystals of orthoclase, (Pumpelly). 

Loc. Bed XVII. North side of upper basin at Big Quinnesec 
Rapids, near center of S. W. qr. of Sec. 7, T. 39 N., R. 30 W. Mich., 
constituting a variety of the gray gneiss which prevails here, and 
which is associated with chloritic varieties and hornblendic schist. A 
closely related rock, believed to be of the same horizon, is extensively 
exposed in an E.-W. belt across the center of Sce. 24, T. 39, R.17 E., 
Wis. (146). This rock has no lithological equivalent in the Marquette 
series. Rocks believed to belong to this bed in its eastward pro- 
longation are chloritic and sericite schists and gneisses. See general 
maps. 

No. 158 (3200).— Perphyrite (Julien). Compare 158 to 162. 

Loc. Peminee Falls, Sec. 17, T. 36 N., R. 22 E., Wis. This rare 
rock in the Huronian is believed to belong to one of the upper beds 
(XX %), and is associated with granitiod rocks more or less porphy- 
ritic. No. 160 is closely related, and in all probability came from the 
granite bed XX. Neither having been found within the limits of the 
survey, could not be thoroughly investigated. Compare the por- 
phyries Nos. 161, 162, from Buffalo and Baraboo, Central Wisconsin, 
described by Mr. Irving. See remarks under (160). This rock 
resembles in many particulars the characteristic porphyrite of Ilfeld, 
Germany. 

After a preliminary microscopic study of a thin section, Mr. Julien 
remarks: ‘The minute scales in the base appear mostly brownish- 
green, and display strong dichroism, like biotite. The feldspar crys- 
tals are well marked and slightly altered, and are sometimes pene- 
trated with long needles of amphibole. Under crossed nicols they 
display brilliant striations and evidently consist of a plagioclase-feld- 
spar. In the base a few water-clear granulcs appear to consist of 
quartz.” 
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No. 159 (3204). — Porphyrite (Julicn), Compare Nos. 158 to 
162. 

Ine. Pemince Falls, See. 8, T. 36 N., Rt. 22 E., Wis. See remarks 
under 153. 

After a preliminary microscopic study of a thin section, Mr. Julien 
says: Tire base differs from (8559) in the abundance of colorless 
microlites and needles. The green colur of the chlorite seales is less 
conspicuous, Sinall crystals of an altered feldspar abound, sometimes 
twinned, always clouded milk-white by minute (kaolinic) inclusions. 
Their outlines are remarkably sharp, and in polarized light they dis- 
play rather decidedly a system of paratlel lines (twin-lamellation 2). 

No. 160 (5359). — Porphyrite (Julien). Compare Nos. 158 to 
162. No. 101 from same horizon has been ealled granite. 

Loe. Ded XX. 1500 paces W. of S. E. corner, See. 21, T. 42 N., 

% 02 W., Mich. This is the uppermost Ifuronian rock, the erup- 
tive (2) tails, 101. It is not established that the Pemince Falls 
rocks (158, 159) are of the same age, but it is probable. See remarks 
under porphyry in preceding chapter. 

After a preliminary microscopic study of a thin section, Mr. Julien 
remarks: “Certain dark grains of irregularly rectangular form, vis- 
ible in the section to the naked eye, seem to represent altered blades 
of hornblende, consisting usually of a mixture of decolorized and 
very minute seales of chlorite, and of particles and granules of 
brownish-red ochre; in one case a dark-green mass is thus produced, 
andexhibits dichroism. Under higher power the granules of the base 
appear often angular and of but a single mineral, probably feldspar.” 

No. 161.— Black quartz-porphyry (Irving). Observatory Till, 
Buffalo, Marquette county, Wis. See Geol. of Wis., Vol. II, p. 
519, Spee. 762 

No. 162.—Red quartz-porphyry ([rving). Baraboo Narrows, 
Sauk county, Wis. See Geol. of Wis., Vol. II, p. 513, specimen 1244. 
See remarks under (160). Prof. I. D. Irving assigns these porphy- 
ries, which occur in immense beds of several varieties, to the Huro- 
nian period. Their entire absence, so far as observed, in the Mar- 
quette and Penokee regions, their occurrence in small quantity and 


not typical in the Menominee region, and prevalence in Central Wis. ° 


consin, is interesting in connection with the great prevalence of re- 
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CHAPTER V. 


MICROSCOPICAL OBSERVATIONS 


oF 


THE IRON BEARING (HURONIAN) ROCKS FROM THE REGION SOUTH 
OF LAKE SUPERIOR. 


By ARTHUR WICHMANN, Pa. D., Lripzia, 1876. 


PREFATORY NOTE, 


Under date Jantary 22, 1875, Professor Zirkel wrote, in answer to my inquiries if he would 
andertake the microscopic investigation of the crystalline rocks for my survey, that it was impos- 
sible, on account of the U.S. 40ch Parallel work then in hand. “But,” he added, ‘ my assistant, 
Dr. Wichmann, a young gentleman largely experienced in microscopic investigations, has ex- 
pressed his readiness to undertake the work, under my control and revision. So you may send the 
thin-sections, and be quite sure they will be examined and described as carefully as possible.” 

It is unjust to Dr. Wichmann, who receives no compensation for his work, and unfortunate for 
the science of lithology, that the publication of his valuable paper has unavoidably been delayed 
so long. 

All of the Wisconsin specimens collected in 1874, and over one thousand of the most interesting 
of my Michigan collection, including those described by Julien (Mich. Report, 1873, Vol. Il), were 
in Dresden in 1875-6, and Dr. Wichmann saw them a!l. Thin sections were prepared from about 
five hundred specimens. My collection is now in Am. Museum of Nat. History, N. Y. 
, T. B. B. 


I. THE MICROSCOPICAL STRUCTURE OF THE MINERALS CONSTI- 
TUTING THE ROCKS DESCRIBED. 


§1. A. Quartz. 


Quartz is the most widely spread mineral as a constituent of rocks. Microscopically 
it is very easily recognized. Ina thin section, it shows a substance clear as water, in 
which many fissures may often b2 observed, but never the beginning of change into an- 
other mineral. Quartz appears in bright colors by polarized light. It is also character- 
ized by the abundance of other enclosed minerals. Colorless needies of apatite are often 
found in it (Spec. 137), also folia of mica (Spec. 732), hematite (Spec. 1035), crysta's of 
magnetite (Spec. 734), etc., and fine, long needles, called ‘‘ microlites '’ (Spec. 1641). 
The numerous fluid-enclosures found in all specimens which contain quartz, are very 
interesting. These fill up a cavity in the mineral with a fluid, which consists of waiter, 
of a solution of salt, or of liquid carbonic acid. A bubble is always found in such fluid- 
cavities, which often moves rapidly, and then turns into fluid. By heating the object to 
about 31° Centigrade, such a bubble disappears, to appear again with its motion, when 
the quartz cools. It is beyond all doubt that in this case the fluid consists of carbonic 
acid (Specs. 1085, 137, 527). Cubes of halite could be observed in some fluid-enclosures 
(Spec. 2105), and then the fluid probably consists of a solution of this substance. The 
forms of the fluid-enclosures are mostly rounded and egg-like, but sometimes they are 
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very irregular, Generally the fluid-enclosures are ranged in the quartz in rows like a 
string of pearls. Pores, often found in quirtz without any fluid, are called “ vapor 
cavities,”” 

Asa constituent of rocks, quartz does not appear in distinct, regular forms, but is 
always represented by irregular grains. 

Quartz constitutes the following rocks: quartzite (Spores. 351, 722, ete.), siliceous schist 
(Specs, 1106, 1500), Jasper schist (Spec, 1196), and chert schist (Spee. 1510). 

As clief constituent it appears in granite (Specs. 1715, 1749), in gneiss (Spec. 1641, 
etc.), in the siliceous limeston» (Spec. 1744), and in many crystalline schists, such as horn- 
blende schist, mica schist, chlorite schist, ete. 

It is observed in the diorite (Spec. 192), in the diabase (Spec. 827), in the syenite (Spec. 
172)), etc., ag an accessory constituent. 

The quartz shows a peculiar constitution in the so-called “ crystalline schist,’ usually 
constituting the ground-mass of the rocks. This agyregation is only recognizable in 
polanzed light. Each irregularly-shaped grain app-ars of another color, for the indi- 
viduals are mixed together, and their optical axes lie in ditferent directions. The other 
constituents are imbedded in such a ground-massa. 


§2. B. Feldspar. 
Feldspar is abundant in the rocks of the Iron region. We distinguish, in relation to 
its physical properties, two varicties of feldapar: orthoclase (monoclinic-feldspar) and 
plagioclase (trclin:e-feldspar), As we shall see in $$ 3 and 4, these two varicties are 
quite distinguishable by microscopical examination, 


§ 3. a. Orthoclase. 

Orthoclas? app*ars as a chief constituent of granite, syenite and gneiss, As an ac- 
cessory, it can be recognized in many other rocks. In general it forms distinct crystals, 
and twin-crystals are not unfrequent. These twin-crystals are formed according to the 
Carlsbad law, the plane of junction running parallel to the clino-pinacoid, and a line 
divides the crystal into two parts, which in polarized light show ditterent colors. 

The substance of o:thoclase is seldom completely fresh and clear. We observe mostly 
the beginning of an alteration starting from the fissures, which cross the crystals in all 
directions. In these parts, the substance is dull and changed into a snow-flake-like 
aggregation, well observed by crossed nicols. The fresh and unaltered parts appear in 
bright colors in polanzed light. 

The red color of some orthoclases is probably due to oxide of iron. We observe in a 
thin section streaks and clusters of a redglish dust-like matter strewn through the color- 
less substance of orthoclase. Under a high objective this apparent dust dissolves into 
small granular individuals. Zirkel! expressed the opinion that these small grains are 
oxide of iron, and that they were formed simultaneously with the feldspar. They never 
occur in quartz which is associated with orthoclase, nor in the plagioclases which are 
associated with orthoclas2. 

The oldest rocks very rarely contain the glass-like, cracked variety of orthoclase, called 
“Sanidin.”” It was observed with all its characteristic properties, in the form of tabu- 
lar crystals with lustrous faces in a diabase (Spec. 2072), where it was colorless, highly 
fissured, glass-like in app-arance, and contained some vapor cavities. 

In general, no fluid enclosure or vapor cavity is to be found in orthoclase, but needles 
and prisms of apatite, hexagonal folia of hematite, and needles of hornblende, etc., 
often occur. Inthe fissures, delicate membranes of hydrated oxide of iron, some viridite, 
etc., sometimes appear. Ina gneiss (Spec. 944), small needles, which belong to an 
unknown mineral, were observed in the orthoclase, crossing one another at an angle 
of 60°. 

1 Mikroskopische Beschaffcuhbeit der Mincralien and Gesteine Leipzig, 1873, page 126. 
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In Spec. 192, orthoclase is’ associated with quartz, and is microscopically i in appear 
ance Jike Miapis hebraicus."’ 

In some hornblende-schists and rocks orthoclase forms the pe ee and then it 
appears in aggregations of irregular grains, sometimes mixed with grains of plagioclase. 
In many cases the beginning of alteration 1s recognizable. 

§ 4. b. Plagioclase. 

Plagioclase is, microscopically, very easily distinguished by its characteristic twin- 
lamellation. It appears principally as a rock-constituent in diorite, diabase, and diorite- 
gneiss, but it is also found in all rocks in which orthoclase is present, and then it is gen- 
erally associated with the latter. Plagiocluse comprises the triclinic feldspars, all of 
which contain silica and alumina; but one bas, in addition, soda—a soda feldspar, 
another lime —a lime feldspar, and others both soda and lime. The physical charac- 
ters of these varieties are generally so alike that they are not distinguishable by them, 
nor by a microscopical examination (their inclination to form twin-crystals characteriz- 
ing them all), and therefore only a chemical analysis can determine whether a given 
triclinic-feldspar is albite, labradorite, or anorthite, etc. According to the theory of 
Tschermak,! all varieties of the triclinic-feldspar are only to be considered as mixtures 
in different proportions, and this fact is easily explained. In consequence of this, the 
name “ plagioclase ’’ is always used. 

In the different rocks, plagioclase forms well-shaped crystals, mostly in the form of 
small rods. The crystals are also sometimes tabular. Irregular grains of plagioclase 
appear in a diorite-gneiss, the outlines of which depend upon the associated minerals. 

In opposition to orthoclase, the plagioclases are characterized by a twin-lamellation, 
where the plane of junction is the brachy-pinacoid 0 Poo, This twin-lamellation is 
often to be recognized under the microscope in common light by its parallel lines, and 
in polarized light the lamine always show different colors. No other mineral is char- 
acterized by a twin-lamellation of such a color. The single lamine are often only 0.001 
millimetre in breadth, and a crystal is sometimes composed of 30 and more, of such 
lamine.: This twin-lamellation aiways pe if the section is cut at any angle to the 
brachy-pinacoid. 

A second law of twin-crystallization is known especially in labradorite. The plane of 
the junction is the base oP. and this law is called the ‘‘ Pericline-law."’ These two 
cbove-named laws appear in combinaticn, and so we observe two systems of twin- 
lamellation crossing one another at an angle of 86° 40’. This phenomenon is clearly 
seen in grains occurring in a siliceous limestone (Spec. 1744). 

A triclinic feldspar, which occurs in a dolomite from Pine Creek, Michigan (Spec. 
1626), is probably albite, for this varicty is also often seen in such rocks of other 
countries.? 

The plagioclase in granite, syenite and gneiss, is considered to be oligoclase. There, 
it forms well shaped crystals, or irregular grains. In most cases it only represents an 
accessory constituent. Orthoclase and oligoclase have often been found grown together, 
and then the plane M. is mutual if the main axes are parallel. These two feldspars are 
always distinguishable by an examination with crossed nicols. 

Plagioclase is a chief constituent in diorites and diabases, where it always appears in 
the form of rod-like crystals, partly as oligoclas2, and it may also occur partly as 
labradorite.* 

Enclosures are not frequent in plagioclase. Fluid enclosures have not been recog- 
nized. In some places small black needles, some folia of hematite, small prisms of 
apatite, etc., are microscopically perceptible. 

1 Sitzungsberichte der Wiener Akademie, Dec., 1864. 


2 Zirkel, Lehrbuch der Petrographie, 1866, Vol. I, page 287. 
* Foster and Whitney's Report, part II, page 92. Michigan Geological Survey, chap. III, page 101. 
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In consequence of the decomposition, the twin-lamination is not always recognizable 
in polanzed light. Sometimes the alteration has reached @ atate where no twin- 
lamellation is observed. The decomp sition starts from fissures which cross the crystals. 
Ita beginning is also recognizable on the lines which represent the plane of junction of 
the twin-crystala. In duorites and diabases, plagioclas? often seems to have been 
changed into viruhte.! 

§ 5. C. Mica, 


Muscovit®, a potash nvea, and biotite, a magnesia mica, are the two members of the 
nuca group which usually appear as constituents of rocks. In general, these two 
species are plainly disesrnible by a mecroscopical examination, bat it is uncertain 
whether other members of this group occur in the rocks of the irun region. 


§ 6. a. Muscorite. 


Biaxial mica, muscovite, forms colorless folia and scales, which appear in 
bight culors in polarized hyht, in whatever direction the section may be cut. In 
sections parallel to the cleavaze plane, muscovite generally app>ars as irregularly 
shaped folia, showing sometimes rhombic forms. Tins sp2cies chiefly constitut»s some 
mica schists (Spores, 2239, 2222, 442, 1035, 2225), bat tho32 composed of biotite are more 
frequent. Small laminm of muscovite appoar as an accessory in gneisses (Spe. 1641), 
Magnesiun-Mmica schists (Spec. 2259), hornblende schists, ete. In association with biotite, 
beautiful and charactoristic folia of muscovite were observed in a chlorite schist of 
Spurr mine (Spec. 729). The muscovite is always very fresh and clear, with no 
enclosures. 

$7. b. Biotite. 

Uni-axial mica, Bootite is abundant in the rocks of the iron region. It generally 
appears in the form of dark-brown folia, characterized by its very strong dichroism 
when tested by a single nicol’s prism. These folia are ragged and irregularly shaped. 
In a section parallel to the main axis, biotite is composed of parallel lamina, which are 
fringed at the ends. Now and then they are accompanied by magnetite. Whena 
lamina lies parallel to the base, no dichroism is recognizable, and, in polarized light, 
darkness will occur. Biotite constitutes many mica schists (Specs. 1100, 2u87, 2212, 
etc.). As a chief constituent it apprars in gneiss (Spec. 146), granite (Specs. 1715, 
1749), micaceous limestone (Spec. 21), micaceous quartzite (Spee. 752), micaceous 
augite schist (Spec. 1170). 

As an accessory, it is o93erved in Morit2 (Spec. 3975), syenite (Snec. 1409), diabase 
(Spec. 1591), chlorite-schist (Spec. 729), hornblende schist (Spec. 302J), ete. In conse- 
quence of this fact, we may say that biotite is to be found in nearly all rocks. Biotite 
is enclosed sometimes in quartz, augite, hornblende, ete., and, with the latter mineral, 
is often grown togther. While muscovite has never been observed ina state of decom- 
position, we sometimes find biotite altered and changed into viridite. This is the case 
in some diabases, while in the crystalline schists it always appears fresh and unaltered. 


§ 8. D. Sericite. 


Sericite occurs in the form of twisted scales with a fibrous structure. Its color is a 
grayish-white, and the folia are sometimes nearly colorless, The dichroism is very 
feeble and generally not perceptible. In relation to its chemical composition, sericite is 
very similar to muscovite, but in relation to its microscopical structure, these two min- 
erals are different. The scales of sericite are often arranged in clusters, and form a 
felt-like mass. Sericite composes chiefly the sericite-schists (Specs. 2071, 2077).® 


1Sce § G4. ®Seo § 118. 


604 GEOLOGY OF THE MENOMINEE IRON REGION. 


§9. E. Tale. 


Talc consists of white fibrous scales and folia. Aggregations of such scales compose 
the taley-schists. No distinct crystals appear. The structure of its individuals is gen- 
erally a very fine, scaly one. The scales are often fringed at the ends. Tale composes 
principally the talc-schist (Spec. 3074). 


§ 10. F. Amphibole. 


Among the mincrals which belong to the amphibole group, actinolite and hornblende 
are of the first importance in relation to the composition of rocks. The other varieties 
represent, for the most part, only accessory constituenta, All members of this group 
crystallize in monoclinic prisms at an angle of 124° 30’. 


§ 11. a. Tremolite. 
This variety was only observed in a limestone (Spec. 2086, see § 35). 
§ 12. b. Actinolite. 


Actinolite composes especially the actinolite-schist, but also occurs as a constituent of 
some other rocks. Its individuals are partly visible to the naked eye, and they are only 
partly perceptible underthe microscope. In asection parallel to the main axis, actinolite 
represents long colorless, or nearly colorless prisms, the ends of which, owing to the 
prisms protruding unequally, are ragged and uneven, having somewhat the appearance 
of afringe. Sections cut perpendicularly to the main axis are not frequent, but show 
perfectly the characteristic angle of 124° 30' made by the two prism faces. The crys- 
tals of actinolite are formed very simply, only the prism oo P, is observed. 

The prismatic cleavage, which is very characteristic in the members of the amphibole- 
group, is not expressed in the actinolite fissures intersecting each other under the pris- 
matic angle, as in hornblende. Sometimes twin crystals of actinolite are seen even in 
microscopic individuals, ‘The plane of junction is parallel to the ortho-pinacoid, and is 
characterized by a line, which divides the crystal into two parts, which in polarized 
light show different colors. This line is not always straight (Spec. 2240). The absorp- 
tion of light is very feeble, and in general not recognizable when tested with a single 
nicols prism. | 

Actinolite contains few enclosures. Now and then some grains and octahedra of mag- 
netite appear, also small crystals of zircon and brown folia belonging td an unknown 
mineral (Spec. 2198), which Rosenbusch ? also observed in an actinolite from Pontresina. 

Actinolite composes the actinolite-schists (Specs. 2198, 2238, 221, 1116, 1155, 208), but 
only Specs. 2193 and 2238 are typical, whilst the other specimens have not preserved 
their character, in consequence of the admixture of other minerals. 

We find actinolite as a chief constituent of eklogite (Specs. 3027, 109) in which it 
appears in association with garnet and magnetite. As a constituent of magnetic schist, 
it appears in Syec. 2240, and of limonite in Spec. 222. Itseems that actinolite is mi- 
croscopically also abundant in the ore beds of other countries. In a quartz-schist (S. E. 
of old Washington Mine, Spec. 1088), beautiful crystals of actinolite occur. 

In all these specimens Brush has proved the existence of this mineral, and named it 
‘‘ anthophyllite,’’ except in Specs. 2198 and 2238. According to my investigations this 
mineral cannot be identified with anthophyllite. Microscopically, the latter named 
mineral? is characterized by a brown color, is dichroitic and fibrous. It contains many 
brown needles which lie parallel to the main axis. There occur many specimens of an- 
thophyllite which are similar to hornblende, but not to actinolite. Finally anthophyl- 
lite crystallizes in orthorhombic, and actinolite in monoclinic-prisms. 


1 Physlographiec, page 308. Strassburg, 1873. 
9 Rosenbusch, Physiographie, 1873, p. 263. Tschermak, Mincralog. Mitthcilungen,1871, Vol. I, p. 37. 
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§ 13. c. HMornblende. 


In general we distinguish two varieties of bornblende: the common hornblende, 
which is of a green color, and the basaltic hornblende, which is brown. In these 
rocks only the common variety occurs, In thin sections, parallel to the main axis 
we observe a striation parallel to it, simular to sections of biotite. To mistake the 
one for the other, however, 1s not posible, for the optical principal sectiona of these two 
minerals have a ditferent postion, ‘The ents of the prising are generally ragged and 
uneven, Sections cut perpendicularly to tha main axis are characterized by many 
fixsures corresponding to the prismatic cleavage of the hornblende, parallel to the prism 
x P., showing perfectly the characteristic angle of 124 Ou, while the angle made by the 
two prism-faces of augite is 8776. A very good criterion for hornb.ende is ite strong 
dichruicn, Which auyite never shows, or on'y very fecbly,. 

Tschermak was the fist who called attention to this property." If a dichroscopic 
loupe is placed on the ocular and turned till the difference between the two images has 
reached the maximum, the hornblende always shows two very different colored inages, 
waile augite shows images dittering very httle in color. Instead of the dichroscope we 
can make use of one of the two niculs prisms, and then we observe the tones of color, 
one after another, by turning it. The use of the lower prism is to be preferred. The 
nearer the section is parallel to the plane of symmetry, the more remarkable is the 
dichroism. When hornblende is pale green, its dichroism is very feeble. With regard 
to the dichroism, hornblende might be mistaken for biotite and tourmaline, but these 
two minerals become nearly black, when tested by a single nicols prism — and besides 
this, the directions of their optical principal sections are different. 

Hornblende occurs as a constituent of different rocks in the form of well defined crys- 
tals, or in crystalline aggregations. In sections perpendicular to the main axis we ob- 
serve not only the prism 90 P’., as is the case with actinolite, but mostly the clinopina- 
coid 0 P20 appears, and sometimes also the orthopinacoid 2 P22. For the most part 
the individuals of hornblende are not sharply defined at the ends, which have somewhat 
the anpearance of a fringe, especially in the schistose rocks. 

Hornblende, unlike augite, has mnch more inclination to form microlites. These 
microlites then run through the whole rock in the form of fine single needles, or they 
compose irregular agyregatians. Some hornblende-schists consist nearly entirely of 
aggregations of such microltes (spec. 251). In some diorites the crystals of hornblende 
are composed of such small needles. 

In some rocks the individuals of hornblende contain numerous inclosures. The occur- 
rence of water-clear prisms and hexagons of apatite, which pierce the crystals of horn- 
blende in every direction, is remarkable. Miuagnctite appears in irregular grains, or in 
the form of distinct octuhedra, When associated with hornblende, biotite always ap- 
pears in the form of brown folia. 

Hormblende composes the hornblende-schists and rocks. As a chief constituent it 
appears in syenite (Specs. 1409, 1724, etc.), diorite (Specs. 464, 37, etc.), hornblende- 
gneiss (Specs. 1707, 1762, 2211, ete.). As an accessory, we observe hornblende in mica- 
schist (Spec. 2212), and in diabase (Spec. 884), ete. 


$14. G. Pyroxene. 


Pyroxene crystallizes in the monoclinic system with a prism of 87° 6’. Among the 
members of this group, augite and sahlite are especially observed in the rocks of the 
Iron region of Lake Superior, as constituents. These minerals are generally only to be 
determined by the aid of the microscope, and therefore it is easy to explain why they 
have not been observed heretofore in the rocks of that region.’ 


1 Sitzungsberichte der Wiener Akademie, 39, 1869, p. 1. 
*See the notes of Julien, Mich. Geol. Survey, Vol. II, p. 193. 1873, 
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§ 15. a. Augite. 


In the different rocks, augite forms mostly distinct crystals. In a section perpendic- 
ular to the main axis we always observe the characteristic angle of 87° 6’ made by the 
two prism faces. Its imperfect prismatic cleavage is expressed by inilistinct fissures in 
contrast with hornblende, which is characterized by its dist'nct cleavage. Twin crystals 
are microscopically abundant, and the orthopinacoid oo Poo is the plane of junction 
They are only recognizable in polarized light, and then the two parts of the twinned 
crystal show different colors. Augite is of a ycllowish-green or pale-green color, show- 
ing very little or no d‘chroism. 

Augite in association with plagioclase, composes diabase, a rock which is abundant in 
the Iron region. As an accessory it appears in some diorites (Spec. 37, etc.). In asso- 
ciation with biotite and quartz, it forms an augite-schist, at tha Caampion ming (Spec. 
1170). In this rock augite is represented by irregular individuals, which sometimes are 
twinned (see § 153). 

Augite gives rise to some secondary minerals. In the diabases we observe in its fis- 
sures the beginning of a change into a fibrous mineral called viridite. Sometimes the 
alteration has reached a state in which augite is no longer recognizable. But sometimes 
a change from augite into hornblende is observed (sce Uralite, § 17). 


§ 16. b. Sallite. 


Sahlite belongs to the group of lime-magnesian-iron pyroxene,! and was proved micro- 
scopically by Dr. Kalkowsky, a short time ago, to be a constituent of Archean rocks.* 
It is therefore interesting to observe that this mineral is also found in the Huronian 
rocks of Lake Superior. 

_Kalkowsky first mentions its occurrence in the hornblende-schists of Silesia. Sahlite 
there appears in the form of small, thin prisms, with pyramidal ends, and passing by 
gradual transitions into thicker ones. Many individuals are irregularly shaped. In the 
larger prisms, and grains, a basal cleavage is recognizable. Besides the basic cleavage, 
a cleavage parallel to the orthopinacoid is also characteristic of sahlite. The size is very 
variable. The microlites are 0.05 millimetre in length, and .007 millimetre in 
breadth. Those individuals which occur as delicate membranes on the schist-plane are 
mostly 0.05 millimetre in length. . 

Iu a thin section sahlite is colorless or of a pale-green color. It never shows any 
absorption of light or dichroism, but is highly refracting, and in consequence of this it 
appears with bright colors in polarized light. Sahlite is with difficulty fusible by the 
blow-pipe. With a solution of cobalt it does not assume a blue color. With fluxes it 
gives reaction for iron. Its chemical analysis shows a considerable amount of magnesia 
and lime, and second to these, iron and traces of alumina. 

Sahlite is generally fresh and unaltered, but in some rocks it is dull in anpearance, 
and a little decomposed. Fluid-enclosures are not unfrequent, but very small. Mincrals 
are not enclosed in sahlite, but it is often enclosed in feldspar, and also in quartz and 
hornblende. It occurs especially in association with hornblende and chlorite, but with- 
out these minerals in quartzite (see Spec. 2083). 

In gneisses sahlite is mostly observed in the form of small rods; those which are 
intermingled with quartz appear in the different rocks in the form of irregular grains. 

Kalkowsky proved sablite to be a constituent of the gneisses and hornblend-schists 
from Silesia, of gneiss from St. Gotthard, of quartzite from Haslau, near Eger, in 
Bohemia, and of hilleflinta from Dannemora in Sweden. 

I observed sahlite in some gneisses, mica-sclists, hornblende-schists and granite. 


1 Dana, A System of Mineralogy, 5th ed., p. 115. 
2 Ueber den Salit als Gestcinsgemengtheil, Tschermak Miner. Mitthlg., 1875, p. 45. 
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§ 17. NH. Uralits 


Uralite fs a mincral possessing the physical prop ¢rties of hornblende, but showing the 
forms of augite. It is a metamorphosed augite, The individuals of hornblende he 
parallel to one another and to the main axis of angite. 

Although uralte is rare in occurrenc? in the rocks which have been examined (f ob- 
served it only in Spees. 37 and (69), it may be mentioned in this place, It is remarkable 
that uralite could not be determined in any of the diabases. In these rocks augit? is 
always present in a state of change into viri tite. 

Speca. 37 and 464 are diorites containing accessory crystals of augite which show dis- 
tinctly the change into hornblende, and are in a word uralite. 

Under the microseope the original forms of augite are distinctly recognizable. The 
interior of the crystals also consists of anyite. ‘The outlines of the individuals have 
been changed ints hornblende, which consists of small nee es. These aggregations of 
needles pierce the augitic substance and change it gradually into a hornblendic one. 


§ 18. J. Epidote. 


Epidote occurs as a constituent of some diabases, and is often observed in syenite. It 
is not an original mineral, but is forme.lin consequence of the decompcsition of augite or 
hornblende. Epidote appears in the form of yellowish- green grains, which sometimes 
are clustered together. Generally no distinct forms are perceptible, but the character- 
istic basic-cleavage is always to be recognized. Its dichroism is not very strong. Spec. 
124. 

819. K. Chlorite. 


Chlorite ia characterized by its pale-green and bluish-green color. In the rocks ex- 
amined, it appears only in the form of folia orscales. It is very variable as regards its 
optical proprieties, some folia showing a distinct dichroism, while this is not oserved 
in others. This fact may be dsp ndent on the pos:tion of these folia in the schists, for 
if ascale or lamina is cut parallel to its base, no dichroism can be recrgniz2d, also by 
crossed nicols darkness will occur in this case. If alaminais cut parallel to the main 
axis, dichroism will be very distinct, and by the crossed nicols colors of polarization 
will occur. Rosenbusch! has expressed the opinion that bi-axial chlorite is present as 
a constituent of some rocks.? This fact is ditheult to establish, for the individuals are 
very small, and, therefore, it is not easy to determine whether a lamina has been cut 
parallel to its base, Besides, they occur mostly with quartz, which mineral appears 
with bright colors in polarized light. 

Chlorite composes especially the chlorite schists, which, in their typical specimens, rep- 
resent aggregations of folia of chlorite (Spec. 729). Chlorite is chiefly imbedded in a 
quartzose groundmass, As a principle constituent it is found in chlorite gneiss (Spec. 
303), in chloritic quartzite (Spc. 432), and in mica schist (Spec. 2254). In our horn- 
blende schists no chlorite is found. 

The ‘‘chloritic’’ constituent of greenstones does not belong to this mineral, for a 
great difference is remarked with regurd to its physical properties and its chemical 
constitution. 

§ 20. L. Olivine. 


Olivine is only present in serpentine and some diabases, according to my investiga- 
tions (see Specs. 876, 1247, 5078, § 59). 

Microscopically olivine is easy recognizable. Its substance appears in thin sections of 
a pale-green color, or it is colorless. Between crossed nicols it appears with bright col- 


1 Physlographie, pago Al. 
2The genera: impression is that the rock constituting chiorite is uni-axlal and hexagonal. 
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ors. The rough surface, which this mineral always shows, is very characteristic. In 
consequence of this fact, olivine can be readily distinguished from other minerals. The 
individuals of olivine are always highly fissured. ‘These fissures traverse the crystals in 
every direction, and from them a change takes place into serpentine. Olivine is the 
most decomposable of minerals, and the different varietics of serpentine are especially 
the results of its change. 

§21. M. Calcite. 


Calcite is colorless in appearance and forms in general irregular grains. The larger 
ones are always twinned, and in polariz2d light they show a distinct twin-lamellation. 
The rhombohedral cleavage is also recognizable. The smaller grains show generally 
no twin-lamellation, and in this case they are not distinguishable from those of dolo- 
mite. In polarized light the grains of calcite are milky-blue in appearance. 

The limestones are composed chiefly of calcite (Spec. 1744, etc.) In dolomite (Spec. 
795) its grains are to be recognized by the characteristic twin-lameliation. 

In mica-schists and hornblende-schists calcite sometimes forms the groundmass, and 
it then consists of an aggregation of irregular grains (Specs. 1100, 1724). 

Calcite is often presznt in diabas23 whore it is mostly the result of the decomposition 
of ‘augite. The lime of augite has been formed into calcite, while the other elements 
have induced the formation of viridite. This calcite has been deposited in the cavities 
of the rock. There are instances in which calcite appears to occur as an original con- 
stituent in diorite, diabase and syenite. 


§ 22. N. Dolomite. 


Dolomite constitutes esp2cially the rock ‘‘ dolomite "’ and is also present in some lime- 
stones. It forms small irregular grains, which are never twinned. Rhombohedral 
c'eavage does not often appear. Rhombohedra of dolomite are present in some veins of 
quartz which cross the dolomite rock. In other rocks no dolomite could be found. 


§ 23. O. Apatite. 


In sections parallel to the main axis, apatite forms long, colorless needles and prisms. 
In cross sections the cryst:ls show distinct hexagonal forms. Apatite pierces other min- 
erals, and is found especially in quartz, feldspar, and hornblende (Specs. 1409, 1724, 
etc.). Sometimes the center of the prism is filled with a dust-like substance (Spec. 1453). 

The brilliant appearance and the distinct forms of crystallization are characteristic, 
and by these propertics apatite is easily recogniz2d. 


§ 24. P. Garnet. 


In thin sections garnet forms irregular grains, which are of a light-red color, or 
colorless, and brilliant in appearance. ‘I'he crystals are mostly rounded and imper- 
fectly formed, though regular hexagonal and rectangular forms are sometimes percepti- 
ble, and both of these forms comport themselves in polarized light as perfectly isotropic 
bodies. 

The individuals ar2 highly fissured and enclose different minerals, such as magnetite, 
hornblende, ete. The surface of the sections of garnet is rough. 

Garnet is a chief constituent of eklogite (Specs. 1091, 3027), forming sharply defined, 
rhombic dodecahedra, or irregular grains. They contain numerous needles of actino- 
lite, and crystals of magnetite. 

As an accessory garnet occurs in quartzite in the form of rounded grains of a pale red 
color (Spee. 1722); it is also present in hornblende schist (Spec. 2201). | 

The substance of garnct is mostly fresh and unaltered, only in its fissures has a chang2 
sometimes taken place. This fact is evident in polarized light. Between crossed nicols 
darkness occurs, for garnet is isotropic, but along the fissures a play of colors is 
observed; the alteration products are probably small scales of chlorite. 
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The excellent pseudomorphs of chlorite after garnet, occurring in the Spurr Moun- 
tain Iron Ranye, have been described by Pumpelly.! 

Finally we may mention the occurrence of a metamorphose ne rock (Spee. 2189). 
The greater part has been changed into actinohte, 

In a thin section of this rock, only traces of gurnet are recognizable; the other part 
consists of actinolite. A gradual trinsition of the latter mineral into the former is not 
observable. The individuals of actinolitea mpresent fibrous, ra hated, and ice-flower- 
hke agyregutions composed of single fino needles, A glance at a section shows that 
the change has taken place froin an attack on the garmet from the outside. The crys- 
tals of actinolite penetrate the substance of garnet, and in this manner, going from 
without into the interior, the garnet will finally be totally changed. 


§$ 23. Q. Zircon. 


Not long ago there were observed under the microscope in the granulites of Saxony,® 
and in the eklogites from Fichtelyebirge in Bavaria, small brownish-ycllow needles and 
prisms which Dr. Zirkel thought might belong to zircon. This opinion is probably cor- 
rect, a8 Sandberget? had already determined zircon with the naked eye in eklogite 
from the Fichtelyebirge. 

These prisms appear to belong to the tetragonal system, and are terminated by a 
pyramid. Twin-crystals are not unfrequent. Often the individuals have been crippled. 
This mineral refracts light stronzly, and this fact is in accordance with the opinion ex- 
pressed by the high authority alluded to on the refraction of zircon. 

I observed this mineral in the form of well-shaped prisms in §actinolite-schist (Spec, 
2198), in mica-sehist (Spec. 2222), in tale-schist (Spec. 3u7+), in chlorite-schist (Spec, 
137), in granite (Spec. 1749, ete.). 

According to a not» by Dr. Zirkel,* zircon is abundant (microscopically) in the Archean 
schists of the territories of Nevada and Utah. 


§€ 26. R. Tourmaline. 


Tourmaline has been olserved microscopically only in one sp2cimen (from the north, 
of the Dead river);* nevertheless this mincral is microscopically widely distributed 
through many of the schistose rocks. 

In thin sections, tourmaline appears in the form of long or short prisms of a bluis‘- 
gray color. The extraordinary strong dickroism is very characteristic. The ends of the 
prisms show the basic-pinacoid or a rhombohedron, if the crystal be not broken, at that 
place. Sometimes the individuals show a distinct hemimorphism. In this case the 
basic-pinacoid appears at one end, and a rhombohedron at the other. This fact has 
already been established by Dr. Auger.‘ 

Distinct crystals of tourmaline are abundant in some clay-slates (Spec. 2067). The in- 
dividuals have been generally broken into several pieces, but the pieces of each crystal 
are generally found near together. The basic cleavage is recognizable. The occurrence 
of tourmaline within the clay-slates seems to be of importance, for probably they may 
represent the crystalline constituent instead of the ‘‘clay-slate needles,’’ which are 
abundant in Devonian and Silurian clay slates. 

Numerous individuals of tourmaline appear in sericite-schists (Spec. 2077), in chlorite- 
schist (Specs. 3055, 2082), in mica-schist (Specs. 2162, 2239), in talc-schist (Spec. 3074), 
etc.. They are present also in actinolitic-quartzite (Spec. 1088.) 


1 American Journal of Science and Arts, Vol. X, July, 1875, 
2Mikrosk. Beachaffenhcit der Min. a. Gest., 1873. p. 466. 
§Neues Yahrbuch f. Min., etc., 1837, p. 476. 
#N. Yakrb. f. Min., 1875, p. 628. 
8 Mich, Geol. Survey, Vol. TT, p. 1%. 
¢Tschermak, Mincralog. Mitthcilungen 1§73, p. 163. 
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§ 27. S. Titanite. 

Titanite is observed as an accessory constituent of hornblendic rocks; it appears 
especially in syenite. 

In thin sections, titanite is characterized by a yellow or yellowish-brown color. Its 
substance is often not very transparent, having an almost pearly appearance; but it is 
always free from any enclosure, and, in general is highly fissured. The monoclinic 
crystals are mostly of a wedge-like form, and, in consequence of this, easily recog- 
nizable. 


Good crystals of titanite appear especially in syenite (Spec. 1720) 


§ 28. T. Magnetite. 


The greater part of the small, black grains, which appear in the different rocks, 
belong to magnetite. This mineral forms either sharply defined octahedra, or irregular 
Opaque grains. The octahedra compose sometimes fine aggregations consisting of 
joined lines. Such aggregations appear in some diabases, but not frequently in schists 
(Spee. 2254). The irregular grains are also abundantly dispersed throughout many 
rocks, or grouped together in clusters. 

Although magnetite is readily soluble in acids, it is mostly fresh and unaltered. 
Sometimes, the single crystals and grains are surrounded by a brownish amorphous 
substance, which is hydrated oxide of iron, and results from the decomposition of mag- 
netite. 

In association with quartz or other minerals, magnetite composes the magnetite- 
schists (Specs. 89, 1741, 2240). 

It is a chicf constituent in magnetic quartzite (Spec. 734), in magnetic mica-schist 
(Spec. 1101), in cklogite (Spec. $027), etc. As an accessory, magnetite is found in most 
rocks, especially in gneiss, granite, syenite, diabase, diorite, hornblende-schist, etc. 


§ 29. U. Hematite. 


Hematite is microscopically characterized by pale-red, blood-red or blackish platss, 
which generally are hexagonal in form. The different colors depend on the varying 
thickness of the plates and folia. Sometimes these folia are irregularly shaped and 
then, whenever they are opaque they are with dithculty distinguishable from magnetite. 

In hematite-schist (micaceous-iron-schist, Spec. 5016), the constituents are mostly 
not transparent, but distinct hexagonal forms often appear. 

In feldspar and quartz, folia of hematite are inclused, and are mostly of a blood-red 
color; also in syenite (Spec. 1409), in mica-schist (Spec. 185), in hornblende-schist (Spec. 
3076) and in diabase (Spec. 3076). 

§ 30. V. Titanic iron. 


- Titanic-iron forms tabular crystals in sharply defined hexagonals, or in narrow rods. 
Sometimes the individuals appear in irregular forms. It is always opaque, and there- 
fore sometimes not distinguishable from magnetite, and hematite. In such circum- 
stances it is necessary to etch the section with hydrochloric acid; magnetite and hema- 
tite will be dissolved, while titanic-iron will not be affected. 

Sometimes fine aggregations of titanic-iron appear, repeating in their forms the hex- 
agonal crystals (Spec. 310). : 

Very often it is changed into a grayish-white substance. By this peculiarity titanic- 
iron is unmistakably recognized, for neither magnetite nor hematite show such a form 
of decomposition. This grayish-white substance, which is not amorphous, surrounds 
the grains and crystals of titanic-iron, and sometimes only a trace of the original min- 
eral is left intact. The forms of crystallization are always recognizable. The chemical 
constitution of this grayish-white substance is unknown up to this time. We will re- 
turn to this mineral in § 69. 
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§31. W. Limonite. 


Micmscopically observed, limonite represents a brownish-amorphous substance. — It 
compedes principally the limonitic ores (Speed, 222,442, 549, ete.), in which it sometimes 
Appears im weaociition with quartz, actinolite, ete, 

It often happens that it is the result of decomposition of magnetite, and in that case 
limonite sarrounds the individuals of the former mineral. 

Further, limonite ia to be found in many rocks, where it appears in the fissures, 
and there forms delicate brownish membres. But it is a mistake to suppose that the 
cavities within the rocks are filed with this substance. 


§ 32. X. Pyrite. 

Pyrite, microscopically observed, forms irregular grains or isometric crystals, which 
in the latter case appear in the form of cubes. ‘This miner is recognizable in reflected 
light, by its metallic luster, and its brass-yellow color. In the ditferent rocks it is only 
present a an accessory constituent, Sometimes the cubes or grains are surrounded by 
a brownish hydrated oxide of iron, which results from the decomposition of pyrite. 
We observed this mineral in syenite (Spec. 1724), in diabase, and in clay slates. 


Il. DESCRIPTIVE LITHOLOGY. 
§ 33. A. Non-fragmental rocks, 


This class of rocks was formerly named ‘crystalline rocks,"" but in consequence of the 
fact that many of them contain an amorphous, non-crystalline substance, Dr. Zirkel! 
proposed the name “non-fragmental roeks."’ The Huroman rocks of the iron region 
of Lake Superior belonging to this class, all show a crystalline structure, with the excep- 
tion of some diabases. 

The non-fragmental rocks may be classified as follows: a. simple rocks — limestone, 
dolomite, quartzite, magnetite-schist, hematite-schist, serpentine; b. massire rocks — 
granite. syenite, diorite, diabase; c. schistase rocks — gneiss, mica-schist, hornblende- 
schist, chlorite-schist, auyite-schist, tale-schist, sericite-schist and eklogite. 


€ 34. 1. Limestone. 


Pure limestone consists of an aggregation of grains of caleite, but generally it con- 
tains accessory minerals, such as quartz, mica, dolomite, magnetite, ete. According to 
the size of the grains we distinguish granular limestone (marble) from compact lme- 
stone. Limestones are more or less dolomite in the iron region of Lake Superior. 


§ 35. a. Granular Limestone. 


Spec. 2086. Bed X. Mich., T. 42 N., R. 30 W., Sec. 24, 800 N., 600 W.,* Menom- 
inee region. 

The granules of calcite are irregular and always twinned. Besides the twin-lamella- 
tion, the rhombohedral cleavage is in general quite recognizable. The twin crystals 
are formed according to the well known law in which the plane of junctionis the rhom- 
bohedron — 'y R, which occurs in all granular limestones. In polarized light the differ- 
ent lamine generally appear with different colors. The position of the twinned laminz 
is independent of that in the neighboring grains. The individual lamine are of 0.03 
millimetre in length, and of 0.01 millimetre in breadth. The presence of numerous 
finid enclosures, in some granules, is remarkable. 


1 Mikrosk. Beechaffenbeit der Min. & Gesteine, p. 290, 1873. 

2 Such expressions as **S) N., 600 W.,"’ mean 80) ateps north and 690 steps west from the S. E. 
corner of the scction, that being the uniform method of noting locations adopted by Messrs. 
Brooks and Wright. 
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Aggregations of small irregular grains of dolomite, which are not twinned, occur. 
Tremolite is recognizable with the naked eye. The colorless individuals are striated 
parallel to the main axis. Irregular fissures cross t!1e substance in every direction. In 
the fissures we observe the beginning of altccation into a fibrous mineral. Sharply 
defined crystals of tremolite are not present. Magnctite presents itself in the form 
of octahedra, or irregular grains; we also observe water-clear particles of quartz, with 
strings of fluid enclosures. In some places, films of hydrated oxide of ironNare recog- 
nizable, 


§ 36. b. Siliceous limestone. 


Spec. 1744, Bed V?, Mich., T. 43 N., R. 31 W., Sec. 4, 2000 N., about 1200 W. 

This is a limestone which contains numerous granules of quartz. The two minerals 
(quartz and calcite) are present in nearly equal quantities. By a gradual addition of 
quartz, a quartzite would finally arise. T. B. Brooks says, in his paper on the lithology 
of the iron region of Lake Superior:! ‘The association of this rock (marble) with the 
lower quartzite, or rather the transition of the latter into marble, has been mentioned. 
This transition is seldom complete, the marble being always more or Jess siliceous. As 
is usual in such cases, the change is gradual, producing all varieties, from calcareous 
quartzite to siliceous marble.” 

The water-clear quartz-grains are filled with many fluid enclosures. They are gen- 
erally composed of an aggregation of smaller grains, a fact only recognizable between 
crossed nicols, where the individuals which compose the quartz-grains appear in differ- 
ent colors. The sharply-shaped rhombohedra of calcite which occur in the quartz are 
remarkable. This isa proof that calcite and quartz have been formed at the same time, 

Calcite appears in the form of irregular grains, which everywhere show the charac- 
teristic twin lamellation. 

The presence of numerous grains of feldspar is very interesting. It seems to be 
mostly triclinic, and is probably labradorite. The individuals are twinned according to 
the Albite-law, and Pericline-law. With the former, the brachypinacoid is the plane 
of junction, and, according to the latter, the base. In consequence of this, we observe 
two systems of twin lamellation, crossing at an angle of 86° 40’ (see § 3). 


8 37. c. Micaceous limestone. 


Spec. 21. Mich., T. 47 N., R. 28 W., Sec. 13, S. W. qr of N. E. qr. 

This fine-grained rock appears, to the naked eye, of a dark-gray color, and glistens 
with facets of calcite. 

The larger grains of calcite show seriectig: under the microscope, the charactenstic 
twin-lamellation. The smaller ones are irregular, and no twinned individuals are to be 
recognized. In this case, they are not to be distinguished from those of dolomite. 

Numerous folia of brown biotite are imbedded in the rocks, always showing a strong 
dichroism when tested with a single nicol's eee: They are often aggregated in 
clusters. 

Titanic-iron is frequent in occurrence. It forms irregular opaque grains, which are 
generally surrounded by the known grayish-white substance, by wk-ch this mineral is 
everywhere recognizable. 


§ 38. 2. Dolomite. 


In general the dolomitic rocks are characterized by the same microscopical structure 
as limestones. They consist of an aggregation of small irregular grains of dolomite. 
Chlorite and quartz occur as accessory constituents. 


I Mich. Geol. Survey, Vol. I, p. 1€9. 1873. 
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§ 39. a. Dolomite, 


Spee, 795. Chocolate marble quarry, S, of mouth of Carp, L. 8. Spee. 1635. Bed 
V, Mich., T. SO.N., R. JU W., Sec. 7 (2). 

Dolomite and limestone ara not easily distinguishable by the naked eye. But, 
although dolomite and calcite crvstallize in nearly the same forms, they show in gen- 
eral, under the microscope, ditterent characteristies, Tnostranzeff" was the first to 
observe that calcite, whenever it appears as a constituent of rocks, shows the churac- 
teristic twin-lamellation, while dolomite only forms simple —untwinned — grains. In 
consequence of this fact, the variable quantity of lime in dolomite is explicable, and 
also the occurrence of the different proportions of magnesia to lime, Dr. Zirkel? 
remarks the fact, that in compact limestones calcite does not show any twin-lamination, 
and, therefore, in such cases, dolomite and limestones are only to be recognized by a 
chemical analysis, 

In these specimens calcite can b2 easily recognized. The irregular grains of this min- 
eral are mostly aggregated, 

Dolomite forms small, irregular grains, but sometimes, I observed in cavities of the 
rock, distinct rhombohedra charactenzed by a zonic formation. The different zones are 
limited by hydrated oxide of iron (Spoc. 795). Black particles of coal are also present 
in Spec. TS. 

§ 40. b. Siliceous dolomite. 


Spec. 797, Chocolate marble quarry. Sp2c. 1626, Mich. Bed V, T. 39 N., R. 23 W., 
See. LI, E. Jy, Pine creek. 

The individuals of dolomite appear in the same forms as we have mentioned in § 39. 
Calcite is less abundant than in the before-named specimens. 

Quartz appears in very small grains, which are disseminated throughout the whole 
rock, Jt also occurs in the form of small veins, which cross the rock in every direction. 
These veins consist of an aggregation of small grains, asis to be seen in polarized light. 
In the quartz are numerous fluid enclosures; we also observe sharply defined rhombo- 
hedra, which doubtless belong to dolomite. 

In Spee. 1626 a triclinic feldspar was recognized, which, as we mentioned before (see 
§ 4), may be albite, a mineral which occurs elsewhere in dolomites. 


§ 41. 3. Quartzite. 


. Quartzite is one of the most abundant. rocks in the iron region of Lake Superior.* It 
consists generally of a compact aggregation of quartz-grains, and is characterized by its 
extreme hardness, and by its shaky cleavage. The rocks called “ quartzite’ can be rec- 
ognized, with the aid of a microscop?, as being partly sandstones. Such rocks cannot 
be considered as quartzite, because the single quartz-grains have been cemented by 
another substance, and they belong to the class of fragmental rocks. These specimens 
we shall mention under that head. (See §§ 175-179.) 

Quartzite is usually associated with different minerals, which often give peculiar char- 
acters to the rock. ‘These minerals are especially: mica, magnetite, actinolite, garnet, 
chlorite, ete. 

The quartz-grains composing quartzite represent a water-clear substance, which ap- 
pears in bright colors in polarized hght. These grains sometimes consist of smaller 
ones, as may be seen between cross¢d nicols. 


! Techermak, Mincrolog. Mitthetlangen, 1872, p. 43, 
2 Mikroskop, Beschafienheit, p. 2J7. 
2T. B. Brouks, Mich. Geol. Survey, Vol. I, p. 106. 
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With a lower power the individuals of quartzite seem to be filled with a dust-like 
matter. Undera strong power this dust is found to consist of numerous fluid enclosures, 
each containing a bubble which often moves. The specimens described in § 42 are the 
typical varieties of quartzite. 


§ 42. a. Quarizite. 


Spec. 861. Bed. V. Mich., T. 48 N., R. 26 W., Sce. 31, W. side of N. E. qr. of 
N. E. qr. 

Spec. 891. Mich., T. 49 N., R. 33 W., Sec. 9. center of N. W. qr. 

Spec. 1174. Bed X. Mich., Champion Mine, T. 48 N., R. 29 W., Secs. 31 and 32. 

Spec. 1629. Lower quartzite, Mich., T. 39 N., R. 23 W., Sec. 7, 1250 N., 600 W. 

These specimens consist almost entirely of an aggregation of colorless granules of 
quartz. Some grains contain many fluid-enclosures; others are filled with bristle-like 
microlites. Small colorless folia and scales of mica are sometimes present. The red- 
dish appearance of some quartzite (Spec. 1174) is due to numerous microscopic films of 
hydrated oxide of iron, which lie between the individuals of quartz. They are proba- 
bly of secondary origin. Some small prisms and grains of sahlite are present in 
Spec. 1629. 

I have sometimes observed colorless crystals and microlites with clinobasic ends (Spec. 
1174), without being able to determine the mineral to which they belong. 

An opaline substance mentioned by Julien,! could not be found in Spec. 891. On the 
contrary, this rock consists wholly of crystalline substance, 


§ 43. b. Magnetic quartzite. 


Spec. 734. Bed VIII, Mich., Spurr Mountain mine, T. 48 N., R. 31 W., Sec. 23. 

Besides quartz, magnetite is abundant in this rock. Only a little of the magnetite 
occurs in well-shaped octahedra. The irregular grains are mostly aggregated in the 
form of numerous rounded clusters. The quartz grains contain fluid-enclosures and 
some blood-red folia of hematite. 


§ 44. c. Garnetiferous quartzite. 


Spec. 1722. Quarry near Cleveland Dock, Marquette. According to a personal com- 
munication from Major T. B. Brooks, this rock forms a small vein in a diorite. 

Although this rock represents a hard quartzite, it is rich in foreign substances. 

One mineral occurs especially in the form of rounded and often fissured grains, which 
comport themselves in polarized light as perfectly isotropic bodies. It is garnet, which 
is present in great abundance; but is not visible to the naked eye. 

Small green acicular prisms are distributed throughout the rock, and belong to horn- 
blende. 

Reddish-brown particles of hydrated oxide of iron are quite recognizable. 


§ 45. d. Micacecus quartzite. 


Spec. 732. Bed XIII, Mich., Spurr Mountain mine, T. 48 N., R. 31 W., Sec. 23. 

Spec. 2205. Bed XVIII, Wis., T. 37 N., R. 17 E., Sec. 22, 1520 N., 850 W., T. 4. 

Spec. 782 is especially filled with biotite, which appears in the form of brownish folia. 
Besides this mineral, we observe opaque octahedra of magnetite, some folia of hematite, 
some microlites and few fluid-enclosures. 

In Spec. 2205, the quartz is mixed with biotite and muscovite, the folia of which lie 
parallel to the schist-plane. 


1 Mich Geol. Survey, Vol. II, p. 79. 
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§ 46. E. Actinolite-quartz-schist. 


Spec. 1a88, Bed X., Mich., 8. E. of old Washington mine, 

Grains of calcite are agwregated with the irregular quartz-grains. The individuals 
of calcite are numerous, but sometinies the characteristic twin-lumellation is not recoy- 
nzable, 

In this caleareous qnartz-«ubstance, single prisma of actinolit? ocenr, which show all 
the charnctenstic properties of this anineral, already mentioned in $12. Besides these 
x nyle individuals, we observe avuregations of actinolite. The prising lie confusedly 
toyether and are often broken and crashed. In sections perp ndicular t> the main axis 
the pnsmatic cleavage is recognizable. ‘The appearance of tourmaline in this schist is 
rmarkable, The prisms have often been broken into ditferent pieces, The individuals 
are of a bluish-gray color and show a strony dichromin. Julien! has called this rock 
brownish anthophy Hitie-quartz-schist. 


SAT. f. Chloritic quartzite. 


Spre. 402. Bel. V, Mich., T. 47.N., R. 26 W., See. 20, 8. Wo qr. of N. W. qr. This 
rock seeins to have been formerly a fraymental one. It is composed of angular quartz- 
grains, which are filled with numerous fluid enclosures, Between these grains we 
observe a substance which consists of an aggregation of green folia of chlorite. Besides 
these, strong brown dichroitic folia of biotite occur, and some muscovite is also present. 

This rock, microscopically observed, resembles much a sandstone, except that the 
cement consists of crystalline elements. The formation of chlorite may possibly have 
taken place by m-tamocphic procosses. 


§ 4S. 4. Jasper schist. 


Spec, 1195.) Huronian boulder, This rock consists of parallel bands of jasper, in 
which zones of micaceous iron are intercalated. 

Under the microscope, jaspor consists of colorless quartz, filled with a reddish-brown 
sulmtance, which gives to the rock its charactoristie color. We observe that the quartz 
Is composed of an agerezation of small grains, which app2ar in a bluish-gray color of 
different shades, in polarized light. The granular reddish-brown substance seems gen- 
erally to consist of hydrated oxide of iron. It appears often as a dust-like substance, but 
sometimes it forms clusters in such a quantity that the quartz becomes opaque. These 
grains ara very small, and seem to be amorphous. Small blood-red folia of hematite 
are present. 

The limits betwe-n the bands of jasper and of micaceous iron are sharply defined. 
The latter contain a quartz groundmass, in which distinct crystals and folia of hema- 
tite are imbedled. A I.ttle mazntite is also probably present. 


§ 49. 5. Chert-schist. 


Spee. 1510. Mich., T. 47. N., R. 45 W., Sec. 8, N. side of S. E. quarter. 

This rock is ma le up of Jamin:we of different colors (grayish-whit? and grayish-green). 
In a thin section som? banls becom? colorless and transparent. They consist of a 
colorless hornstone, compo3td of an aggregation of small grains of quartz. Therein 
are imbedded single rhombohedra, which p233233 a rouzh surfac2, and are probably cal- 
cite. Small needles ara abundant, and form small bunches, or star-like agzregations, 
Sometimes black opaque grains are regularly surrounded by such needles. A dull, 
dust-like substance is distributed throughout the whole rock. 

The dark-colored bands are filled with numerous clusters of grains of calcite, which 
areagyregated. The irrezular grains and rhombohedra are all characterized by a rough 


1Mich'gan Geol. Survey, Vol. II, p. 91. 


616 GEOLOGY OF THE MENOMINEE IRON REGION. 


surfac2. The dust-like substance is also present here in great quantities, and, owing to 
this, the bands appz2ar, to the naked eye, with a grayish-green color. Black, irregular 
particles, are coal dots. In the fissures of this rock, reddish-brown films of hydrated 
oxide of iron sometimes app2ar. In some parts of the rock irregular red folia of 
hematite are present. 

This rock, microscopically observed, resembles very much a silic2ous-schist, with the 
exception that the latter rock is generally very rich in particles of coal (plumbago). 


§ 50. 6. Siliceous schist. 


As regards their composition, the siliczous schists correspond to chert, only they con- 
tain more foreign substances, and therefore generally possess a dark gray or blackish 
color. 

It would b2 advantaz2ous to call quarizo32-schists, waich are contaminated by other 
substances, siliceous schists. 

§ 51. Spec. 1436. Mich., T. 47 N., R. 46 W., Sec. 12, center of 8. hf. 

This specimen is filled with a dull, dust-like substance, which is distributed through- 
out the whole rock. The particles of this substance, which have not been individualized, 
are often clustered together. There often appear gray and brownish-gray shreds. All 
these seem to be remains enclosed at the time of the formation of the rock. Some 
irregular dots of coal are present. 

This siliceous-schist is crossed by minute veins of quartz, which are composed of small 
grains, as may be seen in polarized light. They contain numerous sharply-defined hex- 
agons, which doubtless belong to hematite. In the fissures a brownish limonite occurs. 

§ 52. Spec. 1500. Lower Bed, Mich., T.47 N., R. 45 W., Sec. 18. Sunday Lake 
outlet, W. side. 

Spec. 1441. Mich., T. 47 N., R. 46 W., Sec. 12, center of S. hf. 

The water-clear substance of quartz is only recognizable in some places, and shows, 
in polarized light, the characteristic mosaic-like composition of small quartz-grains. 
These sp2cimens are filled especially with particles of carbonate of lime. The larger 
grains are round, colorless in appearance, and show distinctly the rhombohedral cleav- 
age. The smaller individuals are characterized by a rough surface, and are often aggre- 
gated in clusters. Sometimes its rhombohedral forms are perceptible. They contain, 
in many cases, a dust-like substance or brown particles of hydrated oxide of iron. Irreg- 
ular small coal dots are not unfrequent. 

In some places we observe pale-green, irregular partic'es, which comport themselves, 
in polarized lignt, as perfectly isotropic bodies. Probably this substance represents an 
amorphous silicat2 of protoxide oZ iron, or it may b3 an opaline substance. 

353. Spec. 1633. Mich., T. 42 N., R. 32 W., Sec. 30, S. W. qe. 

This rock consists partly of water-clear bands of quartz, which represent an aggre- 
cation of small grains. In some places they are filled with numerous fluid-enclosures. 
Numerous grains, and rhombohedra of calcite appear, and coal dots are not unfrequent; 
we also find num2rous sharply-defined octahedra of magnetite, and particles of dust- 
like substance. 

The dark-colored bands are rich in calcite, the individuals of which are often aggre- 
gated in clusters. They are often of a brownish-color in consequence of the presenca 
of hydrated oxide of iron. In the fissures of this rook, particles of this substance are 
also not unfrequent. Dots of coal appear in great number and form irregular masses. 


§54. 7%. Magnetite schist. 


The magnetite-schists have hitherto been very little investigated by the microscope. 
They do not consist of magnetite alone; this mineral being associated with others, es- 
pecially with quartz; these varieties we call, simply, magnetite-schist. § 55. 
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§ 55. a. “Magnetite schist. 


Spec. 8). Mich., T. 47 N., Ro oT W., See. 27, N. W. qr. of N. W. ar. 

Spec. 141.0 Mich., T. 44.N., Ro SE W., See. U3, S. EL of S. E. 

These two specimens represent a mixture of quartz-grains and magnetite. Where- 
ever magnetite occurs in single individuals, it forms regular octahedra, in consequence 
of which its sections are quadratic. Twin-crystals are sometimes present. The grains 
of magnetite aro generally agyzregated, and then distinct forms of crystallization are 
not recognizable. Tho singte individuals are generally 0.05 to 0.04 millunetre in 
length and breadth. The substances of magnetite ig opaque, but sometim sa surrounded 
by a brownish material, which i hydrated oxide of iron, produced by the decom posi- 
tion of magnetite. 

Quartz 13 abundant in this mock and is always recognizable by ita characteristic prop- 
ertica, It consists of a water-clear substance, and appcarsin bright colors between 
crossed nicola. It consists of an avzregation of smaller grains, as is the case with 
most crystalline schists. The irrezular prains contain small fluid enclosures, and be- 
sides these, we observe numerous crystals of magnetite, small hexagonal folia of hema- 
tite, and small, narrow, transparent needles, winch may possibly be rutile. Under a 
high power we recognize the dust-hke substance with which the quartz is filled to be 
fluid-enclusures. 


$56. b. Actinolitie magnetite schist. 


Spee. 219. Bed XV, Wis., T. 39 N., R. 18 E., See. 28, 1500 N., 1050 W. 

The presence of actinolite in ore beds is known, and we eons fuctlice, that this min- 
eral occurs as a microscopical constituent of magnetite-schist. Dr. A. Knop! had already 
observed actinolite in the magnetite-schist of AskersQnd in Sweden, with the aid of the 
microscope, 

Magnetite is present in the form of irregular grains, which are aggregated in clusters. 
Distinct crystals are not frequent. 

Actinolite forms long, colorless needles, and prisms, but sections perpendicnlar to the 
main axis are also recognizable. The crystals are very simply formed, and in conse- 
quence of this, on the prism oo P. can be obzerved. In the cross-sections twin ervstals 
are remarkaLle. The plane of junction is the orthopinacoid, and characterized by a 
line dividing the crystal into two parts, which, in polarized light, show different colors. 
This is also a proof that this mineral cannot be ‘‘ anthophyllite,” as determined by Prof. 
Brush. 

§ 57. 8. Hematite-schist. 
(Micaccous iron-schist.) 

Spee. 3016. Bed VI, Mich., Cannon mine, T. 47 N., R. 30 W., See. 28 

Hematite-schist is a schistose aggregation of quartz and micaceous iron. Micaccous 
iron is a scaly variety of hematite. 

Hematite appears in the form of opaque or blood-red folia, according to its thickness. 
It occurs in hexagonal forms, but the outlines are often not equal, and in consequence of 
this, we sometimes observe rhomboidal forms. Numerous irregular folia and scales of 
hematite are also present. The characteristic metallic luster is recognizable by reflected 
light, whenever the section is cut parallel to the schist-plane. The foiia of hematite are 


often aggregated. 
Water-clear particles of quartz are abunlant. This mineral forms the groundmass 


in which the folia of hematit2 are imbedded. Bosides hematite, some fluid-enclosures 
and microlites are present in quartz. 


1 Studien aber Stoffwandlungen im Mineralreich, 1873, p. 120. 
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§ 58. 9. Limonite. 


Spec. 222. Bed X., Mich., T. 47 N., R. 27 W., Sec. 13, N. E. qr. of N. W. ar. 
Spec. 549. Bed VIIT., Mich., T. 47 N., R. 27 W., Sec. 12, N. W. qr. of N. W. ar. 
Spec. 893. L’Anse Iron range, M:ch., T. 49 N., R. 33 W., Sec. 9, N. W. ar. 

The limonitic iron ores consist, microscopically observed, of limonite, and besides this 
they often contain quartz, magnetite, actinolite and carbonate of lime. 

Spec. 222 is an actinolitic limonite. Ina thin section a brownish substance appears. 
which is not homogeneous, and in which octahedra and irregular grains of magnetite 
are imbedded. A granular, dull substance is also present. With the limonite a color- 
less amorphous substanc2 occurs, which may possibly ba opal, or an opal-like substance. 
Actinolite forms small colorless prisms and ne2dl2s, which are generally aggregated. 
There is no proof that limonite has been formed in consequence of the decomposition 
of magnetite, for the grains of this mineral never show the beginning of any alteration. 

In Spec. 549 limonite contains irregular grains and rhombohedra of calcite, which 
possess a rough surface. Magnetite 1s widely distributed throughout the whole rock 
in the form of small grains. The substance of the rock is filled with small needles. 
The mineralogical nature of these needles cannot ba established, but it is possible that 
they belong to actinolite. The substance of the limonite is higuly fissured. 

Spec. 893. Ina thin section this rock is not transparent; only in some places, a 
brownish substance (limonite) is recognizable. This contains black irregular particles, 
which probably represent a manganiferous substance. 


§ 59. 10. Serpentine. 


Spec. 876. Dyke, Mich., E. side of Presqu’ Isle, L. S. 

Spec. 1247. Mich., T. 42 N., R. 31 W., Sec. 22. 

Spec. 2263. Bed XIV., T. 39 N., R. 29 W., Sec. 27, 1670 N., 500 W. 

Spec. 3078. Presqu’ Isle, Lake Superior. N. E. corner. 

Serpentine shows gencrally a greeniso black or dark-green color, a fissured cleav- 
age, and appears in faint colors. 

It has long been known that serp2ntine is not an original rock, but a production of 
the decomposition of other rocks. This opinion is based on the oecurrenca of pseudo- 
morphs of serpentine after other minerals, as well as on the transition of serpentine into 
other rocks. Notwithstanding this fact, the microscopical investigations proved that a 
change from olivine into serpentine is principally to be recogniz2d, and therefore oli- 
vine is present nearly always in real serpentine. 

The presence of olivine is easily recognized with the aid of the microscope. Ina thin 
section, this mineral is colorless, or of a light-green color, and is esp2cially character- 
ized by a rough surface. Distinct crystals of olivine occur, and even when they have 
been totally changed into serpentine, their forms are quite distinguishable. Traces of 
fresk olivine are usually observed in serpentine, and then these remains have the form 
of rounded granules. 

The change begins on the outlines of the crystals or grains, and progzesses by follow- 
ing the fissures that streak the ol:vine in all directions. Thus begins a state in which 
the individuals of olvine appzar to be disjointed into numerous small grains, which are 
surrounded and cemented by the substance of serp2ntine. We observe a green net of 
serpentine, the meshes of which are filled with olivine. This m23h-lika swucture is 
very characteristic of the microscopical nature of serpentine. It is also recognizable 
whenever no trace of olivine is present. 

The secretion of magnetite and hydrated oxide of iron is remarkable, and these min- 
erals occur in association with the phenomenon, which brings out the change into ser- 
pentine. These irregular grains fill especially the veins and strings of the first pro- 
duced substance of serpentine, which now becomes untransparent by the presence of 
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these substances, Upon these strings we observe greon veins of serpentine crossing 
each other, which, under strong power, show a tibrous structure perpendicular to the 
dinetion of these vee, 

In theae sections, serpentine appears of a green or yellowish brown color, In polar- 
ive TL hyght. at shows a crystalline structure and is found to be composed of an agyereggt- 
tion of small fibres, In consequence of the individuals) being very small, and  irreygu- 
lanly grouped together, their optical prop -rties are recognized with ditheuty. 

Dr. Hermann Credoer! and Julien? mention the occurrence of serpentine among 
the rocks from the iron-region of Lake Superior. 

Specs, 876 and 3uTs are very typical, and only consist of olivine, serpentine and mag- 
netite, 

Spee. 1247 is very much decomposed, and only a litde olivine is recognizable, Some 
auyite is present, which also seems to have been changed intoserp ntine, Augite some- 
times shows a fibrous structure, and this mineral very much resembles dialage. 

Spec. 2258 is a light-green serpentine, No trace of olivine is peresptible, Miagne- 
tite appears abundantly. The augite present shows also the beginning of change into a 
greenish serpent.ne-hke substance. 


§ 60. 21. Granite. 

Spee 115, Bed. NX 2, Mich., T. 42 N., Ro 52 W., cor. of Sees. 20, 21, 27, 22. 

Spee TT. Mich., PT. 42 N., Ro 30 W., See. 15. near eenter of NW. qr. 

Spee. 2129. Bal XX? Wis, To 35 N., BR. 19 BE. Soe. 12, 50) N20 W. 

Granite ig. a massive rock, consisting of quartz, feldspar, and inica. 

Quartz always occurs in the form of irregular grains, and is easily recognizable in a 
thin section by the appearance of its water-clear substance, which never shows the be- 
ginning of any decomposition. The presence of numerous fluid-enclosures which, un- 
der low power, have the appearance of a dust-like substance, is very characteristic. 
Under strong power, each tluid-enclosure is recognizable, and each contains a bubble 
Which often moves about. The form and size of these enclosures are very different, this 
also being the case with the size of the bubbles. Distinet relations between the size of 
the Huid-enclosure and that of the bubble are not observable. In Spee. 1749 we ob- 
served some of the so-called double fluid enclosures. Such an enclosure appears to con- 
tain two fluids, and in the intenor we also find a bubble. This is the opinion expressed 
by Sorby * and Brewster,* while Vogelsang* and Zirkel* lean to the opinion that the 
exterior zone is not liquid, but is a solid substance. Sometimes granite contains in its 
quartz-grains, fluid enclosures in which cubes of halite are not unfrequent. Some vapor 
cavities occur now and then. 

The minerals which have been enclosed in quartz are apatite (in the form of small, 
colorless pristas), hematite (which is represented by blood-red hexagonal folia), mica, 
and numerous microlites. The quartz-grains are composed of aggregations of smaller 
ones. 

Feldspar is generally a little dull in appearance in consequence of the beginning of 
the decomposition. The change proceeds from the fissures, which agree with the cleav- 
age of this mineral, and therefore are placed parallel to the clinopinacoid. 2 P2 On 
these fissures the substance of orthoclase becomes dull and gradually the whole individ- 
val will finally decompose. Thin films of hydrated oxide of iron which occur in the 
tissures have arisen from infiltration. 


1 Zeitachrift der deutschen geolog. Gesellschaft. Plato X, fig. 4, i859. 
2Mich. Geol. Survey, Vol. 1, pp. 165 and 166, 

? Quarterly Journal of the Geol. Soc., 1858, XIV, p. 473. 

* Transact. of the Royal Soc. Edinburgh, X, 1820, p. 40%. 

§Pogg. Ann. C. XXAVIT, 1868, p. Wo, 

*Mikrosk. Besch. d. Min. Gest., 1373, p. 65. 
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Fluid-enclosures and vapor cavities are sometimes recognizable in the water: clear and 
unaltered parts of orthoclase. Some folia of mica are also sometimes present. Twin 
crystals, twinned according to the Carlsbad-law, are not unfrequent. 

Plagioclase is not of rare occurrence in granite. Itis generally associated with or- 
thoclase. As a constituent of this rock it belongs probably to oligoclase, as is the case 
in most of the granites. The characteristic twin-lamellation is always quite recogniza- 
ble in polarized light, although its individuals have been a little altered. 

The mica constituent of these rocks is nearly always represented by biotite, which, in 
the form of brown folia, is recognizable by its strong dichroism. The sections are 
mostly cut parallel to the main axis, and they therefore show a fibrous structure. The 
outlines of biotite are often supplied (surrounded)? by small grains of magnetite, and 
sometimes its folia are pierced by needles of apatite. 

Spec. 1749 contains very little biotite, and this mineral is only perceptible by the aid 
of the microscope. A little muscovite is also present. Such varieties of granite, which 
are nearly free from mica, are called ‘‘ aplite,"’ and this specimen resembles very much 
the aplite * from Meissen and Gottlaube in Saxony. 

The occurrence of small yellowish-brown needles, and prisms of zircon im Spec. 1749 
is remarkable. 

A pyroxenic constituent is present in Spec. 1715. The colorless individuals, which 
are highly fissured, belong to sahlite. 


861. 12. Syenite. 


Spec. 1720. Quarry near Cleveland dock, Marquette. Spec. 1724. Quarry near 
Cleveland dock, Marquette. 

Massive rocks, which consist of hornblende and orthoclase belong to the class of 
syenite. In association with these constituents, there are to be found plagioclase, 
quartz, biotite, titanite, apatite, hematite, magnetite and titanic iron. 

Orthoclase is generally much altered, and represents a dull substance. The unal- 
tered parts appear in bright colors in polarized light, while the changed grayish- 
white substance is composed of an aggregation of small particles, which show 
different colors by crossed nicols. The change mostly proceeds from the fissures, which, 
especially in their course, are parallel to the clinopinacoid. The occurrence of small 
blood-red hexagonal folia of hematite is very characteristic of orthcclase and of syenite. 
Small prisms of apatite are also often inclosed in it. 

Piagioclase, which is not unfrequent, has generally grown together with orthoclase. 
The individuals are mostly fresh and unaltered, and always recognizable by its charac- 
teristic twin-lamellation, which appears in polarized light. 

The greenish hornblende forms more or less distinct crystals, which in many cases are 
much altered. The fresh and unaltered parts are strongly dichroitic, and show the 
prismatic cleavage expressed by its fissures. Apatite is abundant in this mineral. The 
hexagonal prisms and needles pierce the individuals of hornblende, and remain in the 
parts where the hornblende is totally decomposed. 

In the first state of the decomposition of hornblende, we observe the change as pro- 
ceeding from the outlines into a green, fibrous mineral, called ‘‘viridite.”” This change 
also proceeds from the fissures. By this, the individuals of hornblende are often wholly 
changed into viridite, but the original forms of the decomposed mineral are sometimes 
still recognizable. In the viridite small individuals of epidote begin to arise. They are 
of a yellowish-green color, and a little dichroitic. A direct change from hornblende 
into epidote never could be observed; the occurrence of viridite always represents an 
intermediate state. 


1 Surrounded is probably meant. T. B. B. 3 Zirkel, Petrographie, Vol. I, p. 495. 
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Quartz is never entirely wanting in the greater number of the specimens of syenit>. 
It always forms irmegularly-shaped, water-clear granules, wluch are filled with fluid- 
enclosures, and microlites. By a gradual wdldition of quartz into syenite a syenite-granite 
appears, which consiats of quartz, orthoclase and hornblende. In one hand-specimen 
(1724), we can recognizo the transition of syenite into syenite-granite (hornblende- 
granite) by the naked eye, 

Titamite is one of the most characteristic constituents of syenite. In both specimens, 
this mineral is not unfrequent, and quite recognizable by the wedge-hke form of its 
crystals. It is remarkable that titanite is nearly always present only in association with 
hornblende rocks. 

Biotite is not unfrequent, and mostly associated with hornblende. It forms brown 
foha, which are atrongly dichroitie. 

We have already mentioned the occurrence of apatite in the orthoclase and hornblende 
of syenite. It is remarkable that this mineral always res:sts any alteration, although it 
is easily soluble in acids. 

Calcite is distinctly recognizable in some places. Till lately the opinion was ex- 
pressed that calcite, wherever it appears as a constituent of missive rocks, was of sec- 
ondary ongin.' Behrens? was the first who observed tha calcite in some diorites in a 
situation which removed all doubt that this mineral was formed a’ the time of the 
formation of the rock. Zirkel proved the original formation of calcite in kersanton, and 
Dr. Kalkowsky * mentions the occurrence of original calcite in syenite. Although it is 
possivie that some calmte may have arisen here in consequence of the change of horn- 
blende into vindite, i¢ 1s beyond all doub’ that this mineral also appears in an original 
state. Grains of caJcite, especially, are enclosed in quartz. We also observe grains 
into which individuals of hornblende reach. 

Pyrite forms irregular grains, which are recognizable by their metallic luster, which 
especially appears by reflected light. 

§ 62. Spec. 1499.4 Boulder, Mich., T. 47 N., R. 45 W., Sec. 18. 

Orthoclase only ehows the beginning of decomposition in this rock. Quartz is rare in 
occurrence, and whenever it appears it is composed of an aggregation of small grains. 
Homblende is quifa fresh and unaltered. Buotite is abundant. The presence of titan- 
ite could not be proved, and apatite is also rare in appearance. Pyrite is present in 
small particles. 

This rock is a svenite in relation to its lithological composition, but resembles much 
more the rocks which b2long to the class of ‘‘ crystalline schisis *’ in relation to the struct- 
ture and prese:*e of its constituents. 


§ 63. 13. Diabase. 


Before the rnicroscop2 was used in the examination of rocks, geologists could only 
try to investi xle the mineralogical nature of the trappean rocks and greenstones by 
chemical an: }ysig, or by observations with the unaided eye. Until lately the composi- 
tion of thes9 old basic rocks was not exactly known, but now their constituents are dis- 
tinctly recopmzable with the aid of the microscope. We can, in consequence of the 
results of these investigations, subdivide the so-called greenstones, diorites, trap-rocks, 
ete., into diabase and dior:ite. The diabase mostly prevails among these rocks, which 
are abuzvant in the iron-region of Lake Superior. They consist chiefly of augite and 
plagioc!zse, while diorite consists of hornblende and plagioclase. Diabase embraces all 


INenes Jadrb. f. Miner. etc., 1872, p. 462. 

2 Bericaied Konigl. sacha Gesellechaft d. Wissenschaften, 1875, p. 200. 

?Neues Jahrb. f. Miner. 1876, p. 488. 

4Mr. Allpert says: “It is interes'ing to note that the sycnite 1499 and reveral of the hornblende 
rocks —?t.ornblende gneisses — are wonderfully like some of the hornblende rocks of Queensland.” 
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rock; of such constitution, which have been formed up to the end of the Paleozoic 
period. 

The name ‘* Diabase"’ was first used by Alex. Brongniart,' for rocks consisting of hom- 
blende, and a white feldspar; but as Hauy? had already applied the name * Diorite,”’ 
the former name therefore would signify nothing. In consequence of this, Hausmann? 
acc >ptel the name ‘‘Diabase "’ for rocks which consist of pyroxene and atricliniv feldspar 
(Inbradorit2), ana up to this time nearly all authors have adopted this name. Dana! 
alon? makes an exception, and names ‘‘ Diabase”’ ‘‘ massive hornblende rocks, which are 
like diorite in composition, excepting that the feldspar is less abundant, and is either 
labradorite or oligoclase.** We can neither agree with such an opinion, nor justify the 
placing diabase with dolerite, for we can only apply the latter name to eruptive rocks 
of the tertiary age. 

§ 64. The chief constituents of diabase are plagioclase, augite, and magnetite or titan- 
ic-iron. Besides these, quartz, orthoclase, hematite, hornblende, apatita, pyrite, etc., ara 
found now and then. 

Plagioclase is either represented by labradorite or by oligoclase, which fact can b2 
only established by a chemical examination. This mineral nearly always forms rod-like 
erystals. The characteristic twin-lamellation is always perceptible in polarized-light, if 
the crystals are fresh and unaltered. In the coarser grained varieties of diabase, plazio- 
clase is readily visible to the naked eye (Specs. 912, 915). 

The lamellee which compose such a crystal are sometimes present in great numbers. 
In Spec. 913, from L’Anse Iron Rang2, some individuals are composed of more than 40 
lamelle, which by crossed nicols snow different colors. The lamella are generally 
twinned according to the Albite-law, where the plane of junction is the brachy-pinacoid; 
but also the Pericline-law sometimes appears, which labradorite especially follows, and in 
which the plane of junction is the base. Where these two-systems of twin-lamellation 
are combined, they cross each other at an angle of 86° 40’ and therefore show in polar- 
ized light a grate-like structure. 

In consequence of the alteration of plagioclase tie twin-lamellation often begins to 
disappear. ‘he decomposition mostly proceeds from the fissures, which cross the crys- 
tals in every direction (Spec. 1501). It often appears that the alteration has taken a 
natural course and follows the direction of the twinned lamella. Some authors® have 
expressed the opinion, that the fissures take place in the plane by which the lamelle are 
joined; but I think that the plane of junction has nothing to do with the alteration of 
the crystals, for their substance in this place must be as compact as in other places. 
We often observe from the microscopical examination of other minerals, that the _alter- 
ation generally proceeds parallel to the direction in which the best cleavage has taken 
place. The best cleavage of plagiuclase is purallel to the brachypinacoid and this also 
represents the plane of junction. It therefore seems that the alteration proceeds from 
the fissures, which are the lines that represent this plane. 

We recognize very often a greenish fibrous substance in the fissures. This substance 
is soluble in cold hydrochloric acid and is called ‘ viridite.”” It represents the ‘‘ chloritic 
constituent of greenstones.”’ It seems that this viridite has been infiltrated and has 
arisen by the decomposition of augite. 

The feldspathic substance becomes dull in the course of its decomposition, and then it 
only shows the twin-lamellation in some unaltered parts, by crossed nicols. Finally no 
plagioclase can be recognized, and in consequence of this, the microscopical investigation 


1 Classification et caractcres mineralogiques des roches homogenes et heterogenes. Paris, 1827, 
p. 80. 

3Traite de mineralogic, Paris, 1822, 1V. 

3 Ueber die Bildung der Harzgebirges Abhdlg. d. Kgl. Geo. J. W. 

4Man. of Geol..°73, p. 79. See later view, ed. of ‘T4, pp. 70. 736, also Man. of Min. & Lith. p. 451,T.C.C. 

5 Dathe. Mikroskopische Unters. ueber Diabase. Zcitschrfs. d. d. Geol. Gesellsch. 1874, p. 5, 
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of greenstones is sometimes very difficult. The dull) substance, which represented 
formerly the feldspathic constituent ahows a granular or fibrous azuregation in polarized 
light. There is no doubt that plagioclase lu also been changed into viridite, hke 
augite, and therefore thin sections of disbases which are totally decomposed show a 
greenish substance, the origin of which ean only be established by long study. 

Small prising and needles are often enclosed ins plagioclase (Spec. 912); octahedra of 
magnetite, and hexagonal foliaof hemat.te also occur. In its tissures, films of hydrated 
oxide of iron are not anfrequent. 

$65. Orthoclase, Generally no orthoclase is present in diabase. Wherever this 
nuoneral appears, it forms irregular individuals, which are more or less altered. In 
polanzed light they are only of one color in their fresh parts. Distinct crystals are of 
rare occurrence, 

In this place we may also allude to the interesting fact that the glassy variety of 
Orthoclise, called “sanidin,” can also be recognized) in diabase (Spee. 2oT2). This 
sanidin forms transparent, glassy, tabular crystals. Its water-clear substance is 
crossed by many fissures in all directions, as is to bo seen by the aid of the microscope. 
The individuala which are unalt-red contain many vapor cavities. The presence of this 
mineral has not been established in the diabases of other countries. 

§ 66. Augite. Tus mineral is a chief constitaent of diabases, as we have already 
mentioned. Julien! maintained the opinion in his paper, that in the rocks from the 
Jron Region of Lake Superior, no augite ocears. It is very difficult indeed to distin- 
gush augite from hornblende in these rocks by the unaided eye, but microscopically 
the characteristic properties of anvite as a constituent of this rock are easily recognized 
in most cases. In $15 we have already given the m-thod of distinguishing augite 
from hornblende by the aid of the microscope. : 

Augite rarely forms well shaped crystals in these diabases, the outlines boing gener- 
ally irregular, Twin erystals are not unfrequent. Only a few other minerals have 
been found enclosed in augite. However, we somtimes notice? the presenc2 of rods of 
plagioclase (Spee. 995), crystals of magnetite, small prisms of apatite, ete. In Spec. 
SM numerous vapor cavities occur, 

Many fissures cross the individuals of augite in every direction, but they often show the 
characteristic angle made by the two prisin-faces (S607). The decomposition proceeds 
from the fissures, 80 we observe the beginning of it on the outlines of augite. The result 
of the decomposition is a yreen fibrous mineral, which later on tills up the whole substance 
of augite. Many names (such as delessite, diabantachronyn, ete.), have been given 
to this mineral, which is the ‘ chloritic substance ” of many authors. It is not proba- 
ble that this yreen substance is always of the same composition, and therefore the 
name “ viridite may be best applied. Viridite is soluble in hydrochloric acid, and ap- 
pears in polarized light to be composed of an aygregation of small fibres. It occurs 
also in cavities and fissures of the rock, and seems to be composed chietly of silica, pro- 
toxide of iron and alumina. The lime of auvite is transformed into calcite (Spec. 827), 
which is now present in the rock in consequence of the decomposition of the former 
mineral, but we do not doubt that in some circumstances calcite can also be an original 
constituent of diabases. 

Viridite induces sometimes the formation of other minerals, and these are epidote and 
augite. The epidote is yellowish-green in color, is slightly dichroitic, and forms clino- 
basic crystals or irregular grains. The individuals oecur in the viridite, and it is be- 
yond doubt that they have been formed out of it (Spec. 3U1?). This succession has 
already been described by Dathe.? 

The phenomenon of the transformation of viridite into augite, has not been observed 
until reeently. It is very interesting to have the fact established that this nuneral, after 


1 Wich. Geol. Survey, Vol. IT, p. 42. Ilc. p. 17, 
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having been changed into another, has finally returned to its former state. The new- 
formed augite is represented by delicate crystals, the outlines of which are sharply 
defined. They are completely fresh and of a green color (see Spec. 1659). Such indi- 
viduals are only present in viridite and do not seem to occur in any other part of the 
rock. 

§ 67. Distinct crystals of horablendé are present in some diabases (Specs. 834, 996), 
and always easily recognized. By a gradual addition of hornblende the diabase changes 
into diorite, and under these circumstances, such a rock represents an intermediate state 
between diabase and diorite. 

Some diabases contain brown folia of biotite (Specs. 3079, 827), which sometimes have 
bzen changed into viridite. 

Olivine is rare in occurrence in th2 diabas32s of the Tron region. It is present now 
and then as an accessory constituent (Spec. 1659). True olivinic-diabases were not ob- 
served, although they doubtless occur. 

$68. Small quartz-grains occur frequently in diabase, but are not generally visible to 
the naked eye. The grains are irregularly shaped and contain many fliid-enclosures, 
_ which sometimes contain a bubble which moves about (Specs. 827, 889, 1616, etc.). Dia- 
base in which quartz is frequent in occurrence, is called quartz-diabase. 

$69. Magnetite occurs in many diabases, and generally forms therein sharply de- 
fined octahedra, which are sometimes aggregated (Sp2c. 1659, etc.). 

Some blood-red folia of hematite also oczur in Specs. 827, 3079. 

Titanic-iron is abundant in nearly all diabases, and is much more frequ2nt than mag- 
netite. It is especially present with hexagonal form;, but distinct crystals are rare in 
occurrence. The individuals are generally rod-like in app2arance, and then form deli- 
cite aggregations, which represent the hexagonal forms (Specs. 912, 913). 

The change of titanic-iron into a grayish-white mineral is a peculiar characteristic 
sign. This change is sgen to start from the contours. 

Fissures which cross each other at an angle of 60° are also sometimes to be recog- 
nized in the planes of the individuals. From these fissures a change also proceeds. 
Dr. Giimbel! expressed the opinion that this grayish-white mineral might be an 
original one, and called it ‘‘ Leucoxen.’’ According to his investigations, it is composed 
of silicic acid and titanic acid.? Toérnebohm,? in his investigations of the diabases of 
Greenland, establishes the fact that this white mineral was produced in consequence of 
the decomposition of titanic iron, but he thinks that it may be titanite, an opinion with 
which I cannot agree. As regards its structure and appearance, this mineral has no 
affinity with titanite. Cohen ‘ finally maintained the opinion that this mineral might 
be pure titanic acid. 

Pyrite is not unfrequent in some diabases. This mineral is easily recognizable from 
its metallic luster by reflected light. 

§ 70. We may now mention the presence of a sulystance in many diabases which gives 
a good proof as to the eruptive character of these rocks. This substance has been squeezed 
in between the constituents of the diabase. It represents no true glass, but is amor- 
phous in appearance, and has been devitrified into a granular substance. The develop- 
ment of such a substance by metamorphism is impossible, and it can only be considered 
as the remains of a liquid mass. Zirkel® proved the presence of an inserted substance ~ 
in the diabases of Scotland, which form layers and dykes between the lower carbonif- 
erous sandstone. 

In the following $§ the most characteristic varieties of diabase will be described. 

1 Die palwolithischon eruptivgesteine d. Fichtelgebirges, 1874, p. 22, 
*1. c. p. 35. 
3 Gcoliska Foreingens {. Stockholm, Vol. IT, p. 545. 


¢ Jahresbericht der geograph. Gesclischaft zu Hamburg, Vol. II, p. 225, 
® Zeitschrift d. deutschen Geol. Ges. 1871, p. 23, Vol. XXIITL. 
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GTi. Coarse diabase. 


Specs, 912, 913. Mich, L’Anse Iron Range, T. 49 N., R233 W., See. 9, N. W. qr. 

The individuala of auyits are very darge, and rather fresh and unaltered, yellowish- 
g.cenincolor, and highly fissured. A little hornblende is also present. Plagioclase 
forma deleats rodeos crystals, which show a bewutiful twin-lamellation in) polarized 
hight. ‘They are all frosh, and unaltered. The inssrted substance is squeezed in- be- 
tween these constituents, and is therefors wedge-lke in appceanince, It is amorphous, 
anl always easily recogaizable, A dittle orthociase is) perceptible, The crystals of 
tituniccron, wasea are also unaltered, are ayyregated. These agyreyations represent 
the hexagonal forms of the crystallization of this mineral. These specimens are the 
exact type of diabases. 

§ 72. Speed. TIO, 3979, Washington mine. 

Spee. LLU forms a true “trap dyke,’ and therefore its eruptive nature is beyond all 
doubt. 

Playioclase forma lon-z, small rod-like erystals, and is rather fresh and unaltered. In 
these specumons also a little orthoclase is present. Auyite is already a little decomposed, 
especially on its fissures, and has induced the formation of greenish vindite. An in- 
gerted sulstance, which has not been individualized, is recognizable. Apatite is abun- 
dant, and forma small colorless needles of 0.099 millimetre in length, which are widely 
distributed throushoat the whole rock. B.otite in irregular brown folia, which show a 
strong dichroism, is very frequent.  Magnetite forms small octahedra, and a little 
titanic-iron is also recoemizable. Blood-red hexagonal folia, which are not rare in oc- 
currence, belong to hematite. 

§ 73. Spec. 2972. Bed NIX, Wis., T. 38.N., R. 19 E.. See. 12, 6900 N., 250 W. 

Augit2 is of a dark-green color and forms well-shaped crystals. Plagioclase is: also 
present in distinct crystals, which are only slightly alterea. The presence of a sanidin- 
lik» orthoelase is very remiurkable, as we have formerly mentioned (see § 65). Only a 
few vapor cavities are recognizable in its water-clear substance. Besides titanic-iron 
we observe also a little magnetite, Apatite is not of unfrequent occurrence. 

§ 74. Spec. 8st. Mich., L’Anse Iron Range, T. 49 N., R. 33 W., See. 9, S. W. qr. 

Augite is very fresh and unaltored, and contains many vapor cavities. Hornblende 
forms good crystals, which, however, are recognizable by their dichroism and their pris- 
matic cleavage, shown by the fissures which cross each other at an angle of 124° 30.’ 
This specimen is a totally crystalline one, and therefore no inserted substance is percep- 
tible. Plagioclase forms dcheat? crystals waich show a beautiful twin-lamellation in 
polarized light; sometimes agate-like striation is recognizable. This mineral contains 
many microlites of apatite. Titanic-iron js abundant in distinct crpstals. Delicate films 
of hydrated oxide of iron occur in the fissures of the rock. 

§ 75. Specs. 1427, LOL. Mich.. T. 47. N., R. 45 W., Sec. 18, W. line. 

Plagioclase has been a iittle altered, and therefore on its fissures the substance has 
become a little dull. In these parts no iron-lamellation is recognizable by polarized 
light. Augite has also been altered a little on its fissures. Its substance is fibrous and 
changed into viridite. Titanic tron is frequent, and we also find a little magnetite in 
sharply defined octahedra. Biotite in brown folia has also been a little altered. The 
inserted substance is brownish and globular in appearance. 

§ 76. Spec. 1659. Falls of the Sturgeon nver, Mich. 

This is a very typical specimen. In a thin section we first recognize the crystals of 
plagioclase. They are 0.35 millimetre in Jen¢th, and of 0.1 millimetre in breadth. They 
have not at all been altered, but in their fissures films of hydrated oxide of iron appear. 
The substance between the larger crystals of plagioclase consists of smaller crystals of 
augite, plagioclase, magnetite, and an inserted substance, which has not been individu- 

Vou. Ill. — 40 
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alized. Augite is of a yellowish-green color, and is very fresh. Magnetite is abun- 
dant, and forms distinct octahedra. Small crystals of olivine are sometimes present. 

§ 77. Spec. 889. Altered diabase. Mich., L’Anse Iron Range. 

We find augite nearly totally changed into viridite. The latter substance is greenish 
and fibrous, and is also present in the fissures of the rock, where it hassettled. Plagio- 
clase is dull in appearance, in consequence of its decomposition. Its characteristic twin- 
lamellation is only recognizable in some parts. A little quartz is present in irregular 
grains, which contain many fluid enclosures. The bubbles of some are movable. Lit- 
tle individuals of hornblende, which are not unfrequent, have also been partly changed 
into viridite. In the viridite, crystals and grains of yellowish-green epidote appear, 
which are the results of new production in viridite. Titanic iron forms distinct crystals, 
which have been altered on their outlines, into a greenish-gray substance. It owes its 
_ greenish color to the viridite, which probably has been mixed with the grayish-white 
substance. 

§ 77. Spec. 3070. Decomposed diabase. 

The whole rock has been nearly totally changed into viridite and its fissures have also 
been filled with this substance. The plagioclases which have kaolinized represent a 
dust-like substance, which is greenish in consequence of the presence of viridite. In the 
viridite, new formed distinct crystals of augite appear, while no trace is perceptible of 
the original individuals of augite. Besides viridite, calcite is also present in the fissures, 
and has been formed by the decomposition of the original augite. It is colorless, and 
often shows a distinct twin-lamellation in polarized light. 

§78. Spec. 1616. Quartzdiabase. Bed VIII?, Mich., T. 39 N., R. 29 W., Sec. 15, 
N. W. qr. of. N. W. ar. 

This rock specimen is remarkable by the presence of many quartz-grains. In their 
water-clear substance we only observe a few fluid-enclosures, but numerous colorless 
needles of apatite. The other constituents of this rock are much decomposed. The 
substance of augite is recognizable only in some parts, the others have been changed 
into viridite. Plagioclase is dull in appearance, but the twin lamellation is mostly 
easily recognizable. A little orthoclase is also present. Titanic-iron is abundant, but 
has mostly been changed into the well known grayish-white substance. 

§79. Spec. 2059. Decomposed diabase. Bed XVI, Mich., T. 39 N., R. 30 W., 
Sec. 24, 900 N., 850 W. 

This whole rock has been totally changed. Neither augite nor plagioclase is recog- 
nizable. In consequence of the decomposition, viridite, magnetite and calcite appear. 
The latter mineral especially has filled the cavities of the rock. 

§ 80. Spec. 821. Decomposed diabase. N. of Northwestern Hotel, Marquette. 

Calcite is abundant in the cavities of the rock, and consequently it effervesces with 
acids, This mineral and viridite are products of decomposition, and besides these 
magnetite in very small, irregular grains also occurs. The plagioclase has been totally 
decomposed. In the viridite numerous small blood-red folia of hematite are present. 
The crystals and irregular granules of titanic-iron have been changed into a grayish- 
white substance (‘* leucoxene’’), but the remains of the original mineral are quite 
recognizable. 

— § 81. Spec. £27. Decomposed diabase. 8. of Northwestern Hotel. Marquette, 

Augite has been changed into viridite. But it is remarkable that crystals of augite 
as newer products are present in the viridite. Blood-red folia of hematite and smal] 
crystals of magnetite also occur therein. Plagioclase is quite distinguishable, its sub- 
stance is dull, and much altered, and it is in some parts of a greenish color, which is 
produced by the addition of viridite. Buiotite, in brown, irregular folia, shows the be- 
ginning of alteration. Titanic-iron has been partly changed into the well known grayish- 
white substance. Quartz is not unfrequent. It forms small, irregular granules, which 
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contain small fluid enclosures, Small needles and prisma of apatite are distributed 
throughout the whole rock, The cavities of the rock are mostly filled with calcite; eome- 
times the interior consists only of this mineral while the exterior consists of greenish 
wirilite, 

E82, Spee. WY, Decomposed diabage. Bed XV 2, Mich., T. 40 N., R. 30 W., See. 
9, JOU N., Coog W, 

In consequence of the decomposition of this rock, the greater part af the augite has 
been changed into virnhte. ‘The feldspar constituent has been kaolinized, and therefore 
itis represented by a dull substance, Quartz occurs in small grains, and in its fissures 
some greenish viridite has sometimes formed, An interstitial substance is present, and 
has also been altered, but it is quite recognizable. Some parts of the rocks are filled 
with brownish clusters of hydrated oxide of iron. A little calcite is present, which has 
been produced in consequence of the decomposition of augite. Some crystals of augite 
occur in the virdite. 

883. Spee. 006. Diabase. Mich, T. 51 N., R. 31 W., See. 28, W. of Slate river. 

Tiis rock ig rather fresh and unaltered. The crystals of augite are of a yellowish- 
green color, and contain many small rods of plagiuclase. All crystals of plagioclase 
show distinctly the characteristic twin-lamellation in polarized light. A little born- 
blende is present, as also numerous octahedra, and irregular grains of magnetite. The 
interstitial substance has been squeezed in between the individuals of plagioclase and 
auyite. 


§ 84. Conclusions. 


1. Tne diabases are eruptive rocks, for in the greater number of the varieties an in- 
terstitial substance is present, which is amorphous and may be considered as 
the remains of the original igneous fluid magma. 

2. The microfluidal structure, which is recognizable in the thin sections of some spec- 

imens, is also proof of the eruptive nature of the diabase. 

» The diabases may be classitied into diabase (typical varieties), and quartz-diabase. 
(The third class of olivine diabase is not present amongst the rocks from the iron 
region of Lake Superior.) Olivine and quartz do not generally appear together 
in diabases. 

. In consequence of the decomposition of augite, a greenish fibrous ‘ chlorite-like ” 
mineral appears, called viridite. 

. The presence of calcite is accompanied by the change of augite; it is, however, 
possible, that calcite may appear as an original constituent. This mineral es- 
pecially fills up the fissures and cavities of the diabases. 

Epidote and augite may be formed from the viridite as secondary products. 

Titanic-iron and magnetite are essential constituents of diabase. They appear 
together, or singly. 

. The grayish-white substance, which very often surrounds the crystals of titanic- 
iron, 18 an altered form of this mineral. 

The feldspar constituent of diabase is represented by plagioclase (labradorite or 
oligoclase); a little orthoclase is, however, sometimes present. 

10. Diabase often contains hornblende. By a gradual addition of this mineral, transi- 

tions from diabase into dionte appear. 
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§ 85. 14. Diorite. 


Diorite is generally not distinguishable from diabase by the unaided eye, and there- 
fore the greater part of the greenstones from the iron region of Lake Superior have 
been called diorite. However, diorite is less abundant, in all countries, than diabase. 
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These two rocks generally show the same composition and structure, with the exception 
that hornblende is a chief constituent of diorite and that augite is a chief constituent of 
diabase. 

Tn diorite, besides plagioclase and hornblende, titanic-iron, magnetite, quartz, apa- 
tite, augite, calcite, biotite, etc., appear. 

Hornblende is of a green color, and distinct crystals are generally not recognizable. 
The characteristic cleavage expressed by tne fissures is quite perceptible, and also a 
strong dichroism when tested by a single nicols prism. We observe the beginning of 
decomposition in the hornblende in most cases, and virdite the chief secondary product, 
which shows the same properties as the viridite which has been formed in consequence 
of the change of augite in the case of diabase. Biotite is often associated with horn- 
blende, and more or less abundant in the different specimens. Quartz is generally more 
frequent in diorites than in diabase, and a little quartz occurs in most of the specimens. 

The individuals of plagioclase show the same characteristics as in diabase. Ortho- 
clase occurs in greater or less quantities, but is, however, only an accessory constituent. 
The crystals of augite which appear in diorite, show, generally, the beginning of a 
change into hornblende, and therefore sometimes represent a mineral called ‘‘ uralite *’ 
(Specs. 464, 192). 

Apatite is abundant in nearly all the specimens. In sections cut perpendicularly to 
the main axis, it forms sharply defined hexagons, while in sections parallel to the main 
axis, it forms long needles and prisms. The abundance of apatite is especially char- 
acteristic of hornblendic rocks. Calcite has been formed mostly in consequence of the 
decomposition of hornblende, but, however, in some cases we can establish an original 
formation of this mineral. 

In the examined specimens of diorite no trace of an interstitial substance could be 
recognized, nevertheless we may suppose the same formation in diorite as in diahase. 

In the following sec;ions the most interesting specimens of diorite will be described. 

§ 86. Spec. 464. Mich., T. 47 N., R. 26 W., Sec. 17, S. W. of N. E. qr. 

The large individuals of hornblende show distinctly the prismatic cleavage in sections 
perpendicular to the main axis. The individuals are striated in sections parallel to 
the main axis. The substance of hornblende is clear, except in those parts which have 
been altered. Small prisms and needles of apatite and a little magnetite are enclosed 
therein. The alteration of hornblende takes place on the outlines and in the fissures, 
and the new formed mineral is the well known viridite. This substance principally 
fills up the cavities of the rock. Sometimes it seems to be homogeneous in common 
light, but by crossed nicols it shows itself to be composed of small fibres. In the viri- 
dite many sharply defined crystals of augite occur, which have been formed out of 
this mineral as secondary products. Their substance is very clear and of a yellowish 
green color. Calcite, which shows distinctly its rhombohedral cleavage, has a water- 
clear substance, and is milky-blue in appearance by polarized lirht. This mineral 
occurs in the fissures and cavities, and has also, probably, been formed by the decom- 
position of hornblende. 

Plagioclase, in rod-like crystals, has also been altered a little, but its characteristic 
twin-lamellation is quite recognizable by crossed nicols. ' 

Biotite forms irregular brown folia, which are strongly dichroitic and are especially 
associated with hornblende. 

The crystals and irregular individuals of titanic iron have b2en partly changed into 
the already mentioned grayish-white substance. A little magnetite is also present. 

The occurrence of original augite is very remarkable. This mineral shows the be- 
ginning of a change into hornblende, and therefore repres2nts in this state the mineral 
called uralite. ‘The original forms of crystallization of augite are, however, still recog. 
nizable. It is very curious, that in one part hornblende has been changed into viridite, 
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and this mineral inte any.te, and in the other part the original augit: has been changed 
into hornblende Curalite) 

GST, Spee. sors. Thorite.  Light-Hoase Pomt Quarry, Marquette. 

Besides the chief constituents, hornblende and phicnochise, alittle quartz is also pres- 
ent, which forme irregular water-clear grains. They contain many fluid-enclosures, 
in which the bubbles often move about. Whenever hornblende is not represented by 
distinet crystals, itas quite recognizable and is only a little altered. Plagioclase is also 
rather fresh, and ots twin-lamellation appears always between crossed nicols.  Biotite 
forms brown irregular foluw  Titame-aron is abandant, and ocears ino association with 
a yrayish- white substanee., Prisms and needles of apatite pierce, especially the indi- 
viduals of hornblende, in every direction. 

This speciinen is a very typical one, 

SSS. Spee Si, Tnonte. Bed TV, Mich. T. 470N., R. 27 W., see. 29, N. W. qr. 
of S. E. qr. 

The crv-tals of phiuneclise have been much altered, and in consequence of this, its 
substanee is dull, The characterstie twin-Lamedihation is still recognizable only in some 
parts. Hornblende has been partially changed into viridite, and in the latter substance 
new-formed crystals of augite appear. Biotite in irregular folia has often grown to- 
gether with hornblende. Simall crystals of original augte are present, which show the 
beginning of a change into uralite. Apatite is not unfrequent. Titanic-iron has partly 
been changed into a yrayish-white substance. Some individuals of orthoclase are rec- 
ognizable, This diorite resembles much the “epidtorite " of GQmbel! and also a dio- 
rte from Danemore in Sweden, accor ling toa personal communication from Mr. ‘Torne- 
bohm. 

S89. Spee. 565. Altered diorte. Mich., T. 47 N., R. 26 W., Sec. 17, N. W. qr. 
of N. W. qr. 

Plagioelase has been very much altered and in its fissures viridite has formed. Horn- 
blende shows the change into viridite, but in some parts its substance is fresh. Titanic- 
iron is also decomposed and has been changed for the greater part into the well known 
gravish-white substance, A little original angite is present. 

E90. Spee. 2008, Tnorite porphyry. Bed AV, Wis., T. 38 N., R. 21 E., Sec. 2, 
1S0O N, 0 W. 

This rock is espeehuly characterized by a groundmass, which consists of the constitu- 
ents of divrite, and in which large crystals of feldspar ure imbedded. 

These crystals of feldspar are very much decomposed. Their substance is dull, and 
partly filled with greenish viridite, which substance has arisen from the change of horn- 
blende. Nevertheless we may consider these individuals of feldspar to be triclinic, for 
in some places the twin-lamellation is still recognizable in polarized light. 

The groundmass consists especially of hornblende, the alteration of which has been 
mentioned, Plagioclase 13 iess abundant and also altered, like the larger crystals. <A 
little angite, which is to be considered as an original constituent, is present. 

§ 91. Spec. 192. Quartz diorite. Mich., T. 47 N., R. 27 W., Sec. 2, N. W. qr. of 
S. E. qr. 

Besides plagioclase, which has been altered, orthoclase appears. The latter mineral 
occurs either in single crystals or its individuals are grown together with quartz. As 
regards appearance and composition, these two minerals resemble very muc' the so- 
called “lapis hebraicus."" 

Titanic-iron has been changed into leucoxene, but its original forms are quite recog- 
nizable. Hornblende is much decomposed, and in consequence of its change viridite is 
present. In the latter mineral secondary crystals of augite occur. Calcite fills up the 
cavities and fissures of the rock. 


1 Die paieolithischen Eruptivgestcine des Fichtelgebirges, Munchen, 1874, p. 10. 
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§ 92. Spec. 1730. Altered diorite. Quarry near Cleveland Dock, Marquette. 

Hornblende is predominant in this sp2cimen, but it is much decomposed, and partly 
changed into viridite. We may consider the presenc2 of magnetite as partly resulting 
from the change from hornblende. Its appearance points to such a formation. Dr. 
Dathe ! has already mentioned the formation of magnetite in consequence of the change 
from augite. Plagioclase is much altered, and only in some places its twin-lamellation 
is still recognizable. Apatite is abundant. 

§ 93. Spec. 1726. Diorite. Quarry near Cleveland Dock, Marquette. 

This rock is a little altered. Hornblende is represented by large green individuals, 
which are sometimes composed of an aggregation of small microlites. Hornblende has 
been partly changed into viridite, and in consequence of this, the latter mineral occurs 
in the fissures of plagioclase, which has also been a little altered. A little orthoclase is 
present. Titanic-iron forms fine aggregations, which represent the hexagonal forms in 
their composition. Small veins of calcite occur, which contain distinct crystals of augite. 
The secondary origin of these two minerals is beyond all doubt. 

§ 94. Spee. 1713. Decomposed diorite. Quarry near Cleveland Dock, Marquette. 

Plagioclase is totally decomposed, only some kaolinized spots point to the former 
- presence of this mineral. 

Hornblende has been nearly completely changed into viridite and is only recognizable 
in some places. We observe the formation of yellowish-crystals of epidote in the vin- 
dite. Calcite is present, and has also been formed in consequence of the decomposition 
of hornblende. 

Apatite is abundant and is everywhere wholly unalterd. 


§ 95. 15. Gneiss. 


Gneisses are schistose rocks, which generally consist of quartz, feldspar and mica. 
Instead of the latter mineral, often hornblende, chlorite or sericite appear. In conse- 
quence of this, we distinguish mica gneiss (common gneiss), hornb!ende-gnciss, chlorite 
gneiss and sericite gneiss. 

Feldspar is chiefly repres2nted by orthoclasa, but in all gneisses a little plagioclase 
(oligoclase) is present. Quartz always forms irregular grains, which gencrally are com- 
posed of smaller ones, which appear with different colors in polarized light. 

Sometimes a groundimass occurs which is composed either of quartz or of feldspar, 
in association with mica or hornblende. Larger individua!s of quartz and feldspar are 
imbedded in such a groundmass, and are porphyritic in appearance. 

The appearance of the constituents of gneiss may vary: 

1. Larger individuals of quartz or feldspar are imbedded in a quartzose or feldspathic 

groundmass, which also contains mica, hornblende, etc. (porphyritic gneisses). 

2. Single individuals of quartz, feldspar and mica, or hornblende, compose the rock 

_ (typical gneisses). 
3. Irregular small individuals are aggregated. In this aggregation occur numerous 
clusters and single individuals of mica (Spec. 2234). 


§ 96. a. Mica gneiss. 

Spec. 1641. Possibly Laurentian. Mich., T. 39 N., R. 23 W., Sec. 8, Falls of Stur- 
geon river, Menominee region. 

The water-clear, irregularly shaped quartz-grains are filled with rows of fluid enclos- 
ures, and also contain numerous long bristle-lke microlites. The reddish crystals of 
orthoclase have been much altered, and in consequence of this, their substance is dull 
and not transparent. Muscovite occurs in colorless scales and folia; besides this, biotite 
appears in brown folia, which show a strong dichroism, and are therefore easily distin- 


1 Zeitschrift d. Deutschen Geol. Ges. 1874, p. 29, Vol. XXII. 
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EUshable from thase of inuscovite, Magnetit> is represented by large, sharply defined 
ectahedra of 0.12 millimetre in length and brea lth, which are irregularly distributed 
tiroughout the whole rock, Small eed transparent needles, easly perceptible by strong 
power, also oecur, and they may pos wbly belong to rutile. 

ROG. Spee 1605, Possibly Laurentian. Mee'n, T. 39 N., R. 23 W., Soe. 8. 

This rock resibles Spee, 16th. The quartz-graina contain many fluid-enclosnrea and 
nnerolites, and also sharply dined rho:ubshedra of calcite, The orthoclase is some- 
What deonop sd antecdish inappearanes, Among the micreonstituents muscovite 
is prsdominant, bat is associated wit) brownish bootite. They forma felt-hke mass. 
Iregular prains of maunet.te occur, 

R98. Spee. H6.  Porphyntic gneiss. Bed V., Mich., T.47 N., R. 26 W., See. 23, 
S. W. qr. of S. W. 

The groundimass represents a compact nz zregation of scales of mica and amull grains 
of quartz. Therein occur some larger folia of muscovite and biotite, Octahedra and 
irregular grains of magnetite are also distributed thronghont the groundmass. Mag- 
netite often shows the beginning of a chang? into hydrated oxide of iron. 

The boundaries between the larger individuals of quariz an feldspar, and the 
groundinass, are sharply defined. ‘The quartz contains many fluid enclosures, irregular 
folia of muscovite, biot-te and magnetite, Hydrated oxide of iron has formed in its 
fissures, The individuals of feldspar consist of an agzregation of small ones, which 
are grouped tos‘ther in ditferent directions, Mica and magetite are inclosed therein. 
The greater part of these individuals are represento 1 by orthoclas®, but sometimes they 
consist of plagioclase, which} shows the characteristic twin-lam-llation between crossed 
nicols, 

§ 99. Spec. 2069. Porphyritie gneiss. Bed XV., Mich., T. 39 N., R. 30 W., Sec. 8, 
N. W. ar. 

The rounded quartz grains are filled with numerous fluid-enclosures and small needles 
of apatite. The feld-par constituent is especially represent>d by orthoclase, which con- 
tains many small prisms and folia of sahlite, which have been imbedded generally 
parallel to the piane M. In its fissures a greenish chlorite-like mineral occurs. The 
groundmass is especially filled with scales and foliaof muscovite and biotite. Irregular 
black dots of coal (plumbago) appear. 

§ 100. Spec. 223k. Gneiss. Bed XVI., Wis., T. 39 N., R. 18 E., Sac. 19, 825 N., 
2000 W. 

The greater part of the rock consists of an agzregation of small qnartz and feldspar 
grains, with much brown mica. Single folia are scattered over the whole substance, but 
generally they are agvrecated in large clusters. The presence of original calcite is in- 
teresting. This mineral forms irregular grains, showing distinctly the rhombohedral 
cleavage, and are generally aggregated. These aggregations are irregularly distributed 
throughout the whole rock, and lie between the individuals of quartz and feldspar. 
Small needles and crystals of magnetite occasionally appear. 

§ 101. Spec. 944. Gneiss. Mich., T. 49 N., R. 33 W., Sec. 16, N. side. 

The individuals of feldspar contain a reddish, dust-like substance which seems to be 
original. They also contain small microlites crossing one another at an angle of 60° 
and colorless folia of muscovite. As may be seen in polarized light, quartz consists of 
an aggregation of small grains wilh but few fluid enclosures. The mica constituent is 
only represented by muscovite, and it is not abundant. 

Spec. 1 resembles this rock, only quartz is more abundant and a little garnet appears. 


§ 102. b. Hornblende-gneiss. 


Hornblende-gneiss consists of hornblend2, quartz and feldspar. The latter mineral is 
generally represented by orthoclase, in association with which a little plagioclase occurs 
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In some gneisses the feldspar constitu2nt is chiefly plagioclase. The former we may 
designate as syenite-gneiss, and the latter as diorite-gneiss, for they resemls syenite 
and diorite in relation to their lithological composition. 


§ 103. b. 1. Syenite-gneiss. 


Spec. 1762. Mich., T. 42 N., R. 28 W., Sec. 32, E. line. 

Spec. 2120, Bed XIX, Wis., T. 38 N., R. 20 E., Sec. 8, 209 N., 700 W. 

Spec. 2211. Bed X1X?, Wis., T. 39 N., R. 17 E., Sec. 27, 500 N., 1709 W. 

We observe in thin sections parallel to the schist plane, that the individuals of horn 
blende are not plaved in this direction, but on the contrary they lic confused together, 
and therefore sections of hornblende occur which are cut perpendicularly and others 
which are cut parallel to the main axis. Distinct crystals of hornblende are not unfre- 
quent, and are sometimes pierced by colorless needles of apatite. The individuals of 
hornblende are mostly aggregated. Biotite app2ars here und there in brown folia, 
mostly in association with hornblende. , 

Orthoclase forms no distinct crystals, but irregular grains — the outlines of which can 
only be recognized in polarized light. The individuals are always very fresh, and 
unaltered, and thezefore they are sometimes not to be distinguished from those of quartz. 
Plagioclase is present in greater or less quantities. It shows, by crossed nicols, a beau- 
tiful twin-lamellation, according to the freshness of its substance. Besides apatite, gen- 
erally a little hornblende is enclosed in feldspar. 

The general habitus of the quartz characterizes it as an original constituent of the 
crystalline schists. The water-clear grains consist of an aggregation of smaller ones, as 
may be seen in polarized light. Small fluid-enclosures occur, also some microlites, and 
small prisms of hornblende. Magnetite occurs in small irregular, opaque grains, but in 
small quantities. In Spee. 2120, small colorless grains of sahlite are present. 

§ 104. Spec. (2105. Porphyritic hornblende gneiss. Bed XIII, Mich., T. 39 N., 
R. 30 W., Sec. 14, 1850 N., 1960 W. 

The groundmass consists of an aggregation of small irregular grains of orthoclasc, 
which are intermingled with small prisms of hornblende. ‘The latter often form a felt- 
like mass. Irregular grains of titanic-iron are distributed throughout this groundmass. 
They are nearly always surrounded by the grayish-white substance, which has arisen in 
consequenc? of their decomposition. Wedge-like crystals of titanite sometimes ozcur. 
Brown folia of biotite are also present in the groundmass. In the fissures, membranes 
of hydrated oxide of iron appear. 

Larger individuals of quartz and hornblend2 have b2en imb2d led in the groundmass. 
Quartz contains many fluid-enclosures; in some of which a cube of halite occurs, and 
also in some the bubble moves about. Small prisms of hornblende have settled into the 
fissures and are arranged perpendicularly to them. They are probably of secondary 
origin. In the fissures of feldspar some prisms of hornblende also occur; but at the 
same time in its substance original prisms are enclosed. Plavioclase is rare and a little 
apatite is present. 

The presence of aggregations of calcite is remarkable; their mode of occurrence indi- 
cates clearly that they are original constituents. 


§ 105. b. 2. Diorite gneiss. 


Spec. 1757. Mich., T. 42 N., BR. 29 W., Sec. 26, near EK. qr. post. 

As was formerly mentioned, hornblende-gneisses in which the feldspar constituent 
chiefly consists of plagioclase, are called diorite-gneiss. They have no relations with 
diorite as to their structure and formation. 

Plagioclase is mostly fresh and unaltered. It forms irregular grains, which show 
(stinctly the characteristic twin-lamellation in polarized light. There also appear in- 
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dividuals which are twinned according to the Pericline-law, and in consequence of this, 
we observe two systems of twinned inhviduals which cross each other at an angle of 
SO” 4, 

A little orthoclase is present, but its substance is a little dull ip consequence of the 
beyinning of alteration. 

Quartz forms irregular grains which are composed of an aggregation of smaller ones. 
Numerous fluid-enclosures app sarin its water-clear substance; also, small microhtes are 
not unfrequent. 

The green prisms of hornblende show perfectly the prismatic cleavage, and in sec- 
tions parall 1 to the mun axis they are strated. They often enclose in their substance 
aain, distinct crystals of hornblende.  Biotite is present in) brown folia, which are 
strongly dichroitic, and which sometimes are regularly grown together with the horn- 
blende prisms, and then the plane of junction is the prism face. 

The individuals of hornblende are sautimes perforatd, and probably in connection 
with this, there appear tongs-shaped: fragments, which often have arranged themselves 
soas to nuliate from the quartz-grains, It is also possible they may belong to mica. 

Small irregular grains of garnet occur in this gneiss. 


§ 106. c¢. Chlorite gneiss. 


Spec. S03, Mich., T. 48 NL. R. 23 W., Soe. 80, 8. W. qr. 

Feld-par has much altered in this specinien; only fresh places are sometimes recogniza- 
ble by the aid of the microscope. For the greater part it consists of orthoelase. In its 
substance, by a strong power and in a thin section, numerous colorless scales of a@ mica- 
like mineral appear. These scales have undoabtedly been derived from the change 
from orthoclase. They are not present in the unaltered parts, but occur in the fissures. 
from which the alt: ration proceeds, Plagioclase is recognizable in some places by pal- 
arized light. 

The large water-clear grannies of quartz contain many fluid-enclosurea, which are 
distnbuted through its whole substance. Some colorless microlites also appear. — All 
individuals of quartz consist of aggregations of smaller ones. Membranes of hydrated 
oxide af iron occur in the fissures. 

Chlorite is less abundant than the before-named constituents. If forms small irregu- 
lar green scales and folia, which are generally aggregated into clusters. Occasional 
folia occur in the quartz and feldspar. 

A little apftite is present in orthoclase, and small individuals of hornblende occasion- 


ally appear. 
8107. d. Sericite-gneiss. 


Spec. 2271. Bod XVI, Wis. Below Sturgeon Fall, Menominee Region, T. 33 N., 
R. 21 E., Sec. 27, 1250 N., 80 W. 

This rock seems to have been formerly a ‘‘ gray-wacke,' 
now into sericite-gniess. 

The chief constituents are quartz, orthoclase and sericite. Quartz occurs in irregular 
granules, which partly contain many fluid- enclosures. The individuals of feldspar are 
also irregular, and sometimes rounded. They are much altered, and are dull in appear- 
ance. Many folia of sericite occur in a quarizose groundmass, and form irregular 
aggregations and clusters. On the physical properties of sericite, see § 118. Numerous 
rhombohedra are present, which for the greater part are now filed with brownish 
hydrated oxide of iron. It is probable that they consisted formerly of calcite. 

Some green folia of chlorite occur and also irregular black dots of coal are recogniza- 
ble. A dust-like substance is widcly spread over the whole rock. 


which has been changed 
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§ 108. 16. Mica-schist. 

As we mentioned in § 5, muscovite and biotite constitute the mica-schists. Both 
varieties can be readily distinguished by the aid of the microscope. 

Muscovite is always present in the form of small, colorless, irregu'ar folia, which ap- 
p2ar in bright colors in polarized light. In it no dichroism is recognizable. This mica 
is itself a chief component of some schists (Specs. 2239, 2222, etc.), but it occurs also in 
schists which are composed essentially of biotite. 

The folia of biotite are always recognizable by their brown color, and strong dichro- 
ism. They compose the greater part of mica-schists, and they are also abundant in 
schists which chiefly consist of muscovite. 

Quartz is a very important constituent. This mineral generally forms aggregations 
with which the folia of mica are interwoven. Such aggregations represent a ground- 
mass in most of the schists. The quartz-grains are very small, contain but few fluid- 
enclosures, and their outlines are only recognizable by crossed nicols. In some mica- 
schists larger granules of quartz are present, but are not related to those which form the 
groundmass. 

Instead of quartz, calcite or feldspar sometimes forms the groundmass; in such cases 
these minera’s also consist of an aggregation of small, irregular individuals. No mica- 
schist was observed which consisted of an agzregation of folia of mica alone. 

Magnetite is abundant in all specimens. It is present in some parts, in the form of 
sharply defined octahedra — in others it occurs in irregular grains, which are sometimes 
arcregated into clusters. 

Hornblende in the form of green acicular prisms is not unfrequent, and in some cases 
this mineral represents a chief constituent. 

Green folia of chlorite are often associated with those of mica. Some individuals of 
feldspar occur occasionally. 

The presence of tourmaline and zircon in some specimens is remarkable. 


§ 109. a. Mica schist. 


(In which the mica constituent is represented by muscovite.) 

Spec. 2008. Bed XVI, Wis., T. 83 N., R. 20 W., Sec. 15, 1650 N. 0 W. 

Spec. 2222. Bed XVIII, Wis., T. 99 N., R.17 E., Sec. 24, 150 N., 1540 W. 

Spec. 2225. Bed XVIII, Wis., T. 59 N., R. 18 E., Sec. 30. 

Muscovite forms irregular, colorless folia in sections parallel to the base, which are 
striated in sections parallel to the main axis. They appeur in bright colors in each 
position by polarized light. Aggregations of irregular quartz grains form the ground- 
mass. Some large individuals contain many fluid-enclosures. In Spec. 2222 irregular 
grains of calcite are recognizable, and compose the groundmassin association with 
quartz. Brown folia of biotite are not unfrequent. Magnetite is rare in occurrence. 

The abundance of small crystals of zircon is remarkable. This mineral generally forms 
small reddish-brown prisms, sometimes with a pyramid at the ends. Twin-crystals, 
where the plane of junction seems to be 2 P. occur. It may be mentioned, that crystals 
twinned according to this law never were observed in zircon by the naked eye. Many 
individuals of this mineral have been cramped in development and therefore they show 
no distinct forms of crystallization. The individuals have mostly formed parallel to the 
schist-plane and are often aggregated. 

§ 110. Spec. 2239, Wis., T. 389 N., R. 18 E., Sec. 22, 400 N., 1350 W. 

Spec. 442, Bed V, Mich., T. 47 N., R. 26 W., Sec. 22, 8. W. qr. of S. W. qr. 

The folia of muscovite have all formed parallel to the schist-plane. The groundmass 
consists of an aggregation of small quartz-grains. Biotite is abundant, but in general 
no single folia occur, its brown folia being aggregated in clusters. The individuals of 
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biotite are always larger than those of muscovite. Muagnetite is single black grains is 
disseminated throughout the whole rock, In Spec. 2259 small grains of tourmaline are 
present, 

SIL. Spee. 10°5. Quartzose mica schist. Bed XIV, Mich., 8S. W. of the old 
Washington mine. 

Quartz appears in the form of large rounded granules, in the waler-clear substance 
of which are numerous fluid-enclosures, some being provided with a movable bubble, 
The quartz grains contain many sharply detined, blood-red hexagonal folia of hematite. 

We observe muscovite and hematite, parallel to the schist-plane; and cementing the 
larger grains of quartz, Hematite occurs in rather Jong grains and folia, which are gen- 
erally not transparent. Biotite is to be recognizod by the brown color of its folia. 


Sit2. b. Mica-schist. 
(The mica constituent being represented by bivtits). 


b. 1. Mica-schist (typical varieties.) 


Spee. 227. Mich., T. 47 N., R. 28 W., See. 13, 8. W. qr. of NL W. ar. 

Spec. 2162. Bed XIX, T. 42 .N., RB. 32 W., See. 35, 8. W. qr., Paint Portage. 

Spee, 2163. Bel XIX, T. 42 N., R. 32 W., See. 35, 8. W. qr., Paint Portage. 

These specimens are chiefly composed of biotite and quartz. 

The angular and irregular quartz-grains represent in their aggregation the ground- 
mass of the rock. Minute fluid-enclosures appear in their water-clear substance. 

The brown folia of biotite are interwoven with this groundmass, and are often agere- 
gated in clusters. Muscovite is not frequent in occurrence. 

Magnetite is irregularly distributed throughout the whole rock, in sharply defined 
octahedra, or irregular grains. 

In Spec. 2162 s9m2 groan folia of chlorite appzar, and also some small prisms of 
tourmaline. 

S113. b. 2. Magnetic mica-schist. 


Spec. 1101. Washington mine. 

Spec. 1102. Washington mine. 

Spec. 20°7. Mich., T. 41 N., R. 30 W., See. 6, S. E. cor. 

These specimens are similar to the before-named (§ 112), but they are filled with 
numerous crystals and grains of magnetite. In sections cut perpendicularly to the 
schist-plane, we observe some bands, which only consist of an aggregation of such in- 
dividuals of magnetite. 


§114. b. 3. Hornbtendie mica-schist. 


Spec. 2212. Wis., T. 49 N., R. 17 E., See. 35, 1475 N., 909 W. 

The small prisms of hornblende are visible to the naked eye, and are porphyritic in 
appearance. 

The groundmass of this schist consists of angular small grains of quartz. The chief 
constituent is biotite. Its irregular brown folia are imbedded in the groundmass. 

The hornblende prisms are distributed through the whole mass in every direction, 
and he with regularity parallel to the schist-plane. Thev are mostly of a bright-green 
or bluish green color, and show a distinct dichroism. Sharply defined crystals do not 
occur; its prisms are ragged and uneven, as is the case in nearly all crystalline schists 
in which hornblende appears as a constituent. Sometimes the prisms have broken into 
several pieces. The individuals of hornblende are intermingled with those of biotite, 
but the latter are more abundant. The former are striated in sections parallel to the 
main axis. In sections perpendicular to the main axis, the charactenstic angle of 
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124° 30’ made by the two prism faces is quite recognizable. The orthopinacoid 00 P 0 
appears in combination with the prism. Small needles of apatite appear, but are not 
frequent. A little magnetite is also present, and some calcite. 


§ 115. b. 4. Chloritic mica-schist. 


Spec. 2254. Mich., T. 39 N., R. 29 W., Sec. 16, 1700 N., 30 W. 

The greater part of the groundmass is represented by an aggregation of small 
quartz-grains, but carbonate of lime a!so takes a share init. The larger grains of cal- 
cite here also show instances of a distinct twin-lamellation. 

Brown folia of biotite are intermingled with green folia of chlorite without regular- 
ity, but the former mineral predominates. 

The forms of aggregation of magnetite in this schist are remarkable. Its octahedra 
have grown together in one direction, and perpendicularly to these, similar octahedra 
are aggregated. In this manner tree-like aggregations are formed, which appearance 
generally characterizes the magnetite of such rocks as basalt, diabase, etc. Besides 
these, grains of magnetite appear in this rock, aggregated in irregular clusters. 


§ 116. b. 5. Feldspathic mica-schist. 


Spec. 2090. Bed XIX, Wis., T. 40 N., R. 19 E., Sec. 18, 750 N., 1,000 W. 

In all the before mentioned specimens, azgregations of quartz chiefly formed the 
groundmass, It is feldspar which composes a groundmass in this schist. Its small in- 
dividuals show already the beginning of decomposition, and in consequence of this fact, 
they are easily to be recognized. ‘The feldspar is especially represented by orthoclase, 
but a little plagioclase also occurs. A little calcite is also present in irregular grains, but 
quartz is rare. Biotite forms small brown folia which have formed parallel to the schist 
plane. Magnetite is abundant, and some larger crystals of orthoclase occur, which 
are sometimes twinned according to the Carlsbad law. 


§ 117. b. 6. Calcarcous mica-schist. 


Spec. 2255. Mich., T. 39 N., R. 29 W., Sec. 16, 1690 N., 30 W. 

We may properly mention also in this class Specs. 2212 and 2254, but the lithological 
characters of these schists are expressed by other constituents. 

The larger individuals of calcite show a distinct twin-lamellation, which is not the 
case with the sinaller ones. Such rocks represent the transition from mica-schist into 
limestone (compare § 37). 

Biotite is the chief constituent, and besides this some folia of green chlorite occur. 
A little muscovite appears in the form of colorless folia. Quartz with some fluid- 
enclosures is not unfrequent, and magnetite is present in black irregular grains. 

Spec. 1100 from Washington mine is a calcareous mica-schist. 


§ 118. 17. Sericite-schist. 


Spec. 2071. Bed XIV, Mich., T. 39 N., R. 50 W., Sec. 8, N. W. ar. 

Spec. 2077 from a test-pit near the center of south line of Sec. 25, T. 40, R. 31, Mich. 

List }? named in 1850, the hitherto so-called chlorite or tale-schists from Taunus on the 
Rhine, “‘ sericite-schist."’ It is composed of a scaly mineral, with a silky luster — mica- 
like or damourite-likein structure. Color, yellowish-white or leck-green. Streak, dirty- 
white. Before the blow-pipe, thin scales are opened, and they are fusible in strong 
heat to a grayish-white enamel. With fluxes sericite gives the reaction of iron. Sp. 
(rr. 2.8; hardness 1. A chemical analysis of sericite from ‘‘ Nerothal near Weisbaden "” 
gave: 


1 Jabrbuch d. ver. f. Natarkande. Herzglh. Nassau 1859, p. 126, and 1852, p. 128. 
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SiO? 40.00, Alf! 23.65, FeO 8.07, MyO 0.94, CaO 0.63, NaO 1.75, KO 9.11, HO 
3.41, Tic? 2.39, Si F 1.60, 

Serieite belongs, with reyard to its composition, to potash-mica, and Naumann ! men- 
tions this mineral in that place. Dana? places sericite with the hydrous silicates, expe- 
cially with damourite, 

It is beyond all doubt that sericite is a distinct mincral with regard to its microscop- 
ical structure. It represents prine:p uly an essential constituent of sericite-schists and 
MNCISSes, 

Sonecite appears in the fori of scaly folia with a fibrous structure. By this structure 
it is quite distinguishable from mica, but it isa little similar to the structure of tale. 
The scales are generally not isolated from the rock-substane>, but are mostly aggregated, 
These aggregations represent sometimes a felt-lhke mass. ‘Phe dichroism of sericite 18 
very feeble, and often not to be recognized. 

Sericite does not form any crystals as constituents of seric:ite-schist. [have only once 
observed rhombie folia of this anineral in an auyite schist from Rauventhal in Taunus, 
the prism angle of which was about 125°, This is very nearly that of muscovite, 

Quartz is a chief constituent of sencite-schist. It forms partly a groundinass with 
which the silky scales are interwoven, and partly appears in the form of water-clear 
granules, the outlines of wlich are generally rounded. The scales of sericite accumulate 
on the outlines of quartz. 

These larger quartz-grains are filled with numerous fliid-enclosures, which are ar- 
ranged in rows, but they are absent from others. This fact agrees with the observation 
made by Sorby ¢ in the quartz of some mica-sehists. This author from this fact formed 
the probably correct opinion that the origin of these quartz grains was different. 

We often find numerous scales and folia of sericite in the form of rows enclosed in 
quiurtz-grains, which at the first moment induces the behef that they were enclosed 
simultaneously with the crystallization of quartz. This is by no means the case, for 
between crossed nicols we observe that quartz appears with a one colored figure. The 
quartz grains are crossed by small veins of quartz of secondary origin and these form an 
ayeregation of smaller grains, as may be seen by polarized light, and with these agegre- 
gations the folia of scricite are interwoven. Sericite only occurs in secondary quartz 
and therefore it is also of secondary origin. 

The grourndmass of sericite-schist consists of an aggregation of very small quariz- 
grains in which the minute scales and folia of sericite appear. It is remarkable that 
the sericite is always inseparably united with quartz. Sericite never occurs isolated in 
these schists, hence the amount of silica is always higher in the analysis than it probably 
should be. Regarding these facts, the chemical composition of sericite is very similar 
to that of muscovite. 

The scales and fulia of sericite are generally irregularly distributed through the 
quartzose groundmass, but sometimes they show an agzregation in the form of zones, 
by which parts rich in sericite alternate with others which contain but little. In some 
specimens the folia of sericite finally surround the grains of quartz in the form of radi- 
ated aggregations 

The abundance of well-shaped rhombohedra, having the form of calcite, is remark- 
able. They consisted probably of carbonate of lime, but now no trace of this mineral 
is perceptible. The original mineral has been dissolved out, leaving the cavities, which 
are often filled with hydrated oxide of iron. The latter substance occurs also in the 
fissures of the rock. 

Tourmaline is not unfrequent in occurrence. It forms small prisms of a bluish-gray 

+ Elemente d. Mineralogie Leipzig, 1874, p. 433. 


2A system of Minecralozy, sth ed. p. 487. 
2 Quart. Jourcal of the Geol. Soc., 1€63, p. 401. 
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color, which are strongly dichromatic when tested by a single nicols prism. These small 
individuals are sometimes broken up into several pieces (see § 26). | 

The structure of sericite-schists differs from that of the other so-called ‘‘ crystalline- 
schists,’ as already mentioned. We are enabled to determine the origin of these rocks 
by microscopical investigations. The result of such study indicates beyond all doubt 
that the sericite-schists were originally fragmental rocks, and were brought into this 
crystalline state by metamorphism. We need not go into further details on this point, 
but give only the principal facts which prove the original fragmental state. 

a. The occurrence of rounded grains of quartz, which have the form of pebbles. 

b. The granul2s of quartz are filled with numerous rows of fluid enclosures, which 

break of suddenly on the outlines, which is not the case with the quartz of 
" granite, gneisses, etc. Jn these and other crystalline rocks, the rows of the Auid 
enclosures ramify into the most irregularly shaped quartz grains, 

c. There are grains of quartz which contain numerous fluid enclosures, and others 
that contain almost none.!’ Probably these grains originally came from different 
rocks, 

d. The grains of quartz are often surrounded by radiating folia and scales of sericite, 
as is the case in real fragmental rocks, such as sandstones and clay slates. This 
has been proved several times by Dr. Zirkel.? © 

e. Broken prisms of tourmaline are often found. The pieces which belong to each 
other are generally observed ciose tegether. 

f. A dull, dirty dust is present in all sericite-schists, which probably is the remains of 
the fragmental substance. 

g. Rhombohedra occur, such as are sometimes present in fragmental rocks, which are 
entirely wanting in crystalline ones. They very likely represent former crys- 
tals of calcite. After the lixiviation of the latter mineral, the crystal spaces 
are filled partly or entirely with hydrated oxide of iron. 

The above named facts show that at the formation of these racks, m2chanical forces 
were at work, as proved by the presence of rounded quartz-grains, and broken crystals 
of tourmaline, quite similar to the state in which these minarals are found in real frag- 
mental rocks, for instance, in sandstones and clay slates. On further investigation we 
are able to prove that sericite is of secondary origin. This mineral is present only in 
the groundmass; and folia of it also occur in the fissures of the grains of quartz, or in 
small quartz-veins which cross the original quartz-grains. 

The occurrence of the rhombohedel pseudomorphs in the sericite-schists is of the 
same significance. It seems that the process has been such, that a change in the cement 
of the original rock has taken placa, with the formation of acrystalline substance 
(quartz-groundmass and sericite). Through this metamorphism the rhombohedra of 
calcite have been preserved without being damaged. In the second change the lixvia- 
tion has taken place by fluids, which contained carbonic acid. This is the reason of 
the preservation of the crystal shapes. These rhombohedral cavities would serve now 
as a place for the accumulation of the hydrated oxide of iron, which has entered by 
fissures. In consequence of this, fissures are still found inside the rocks, with brown 
films and amorphous masses of hydrated oxide of iron. 

We can finish these examinations with a last look at the occurrence of sericite-schists 
in other countries and a glance as to the age of these schists. 

The sericit2-schists, after having been observed in Taunus, were found by Lipold 3 in 
the Salzburger Alps. Torncbohm* proved the occurrence of sericite in the “ halle- 


1Sorby in Quarterly Journal of tie Geol. Soc., 1853, p. 401. 
2 Pog. Ann. C., XLIV, p. 319 

3 Jahrb. d. geol. Reichsanstalt, 1851, pp. 201, 359. 

4Neu2s Tahrb. f. Mincralogie, 1874, p. 141. 
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flinta’ of Sweden, In many parts of the Alps, in the Fichtel-birye and in the Hartz 
mountains, rocks of this description are present. 

The antiquity of the sericite rocks was proved in nearly all plices, and it is remarka- 
ble that these interesting rocks have been also observed in the iron mgion of Lake Supe- 
rior. 

Spec. WT) has been deseribed by Dr. He Credner,! inhis paper on the rocks of the 
upper peninaula of Michizan, as tale-schist. Many sericite-achists are called by this 
naine, for they agree slightly with regard to their physical properties with tale-schist. 
Tourmaline i especially abundant in Spee. 2077, 


$119. 18. Amphibolite. 


The group of amphib lite comprises all rocka which belong to the “erystalline- 
echista ” which chiefly consist of a hornblendie mineral, The most abundant are actin- 
olite and the common hornblende (amphibole). 


§ 120. a. Actinolite-schist. 


A. 1. Spee. 2198, Wis., T. 40 N., RoI EL, See. 38. 1735 N., 950 W. 
Spee. 2238. Wis, T. 30 N., Ro IS EB. Sec. 28, 1530 N., 1050 W. 

These two specimens represent typical actinolite-schists. Actinolite forms colorless 
prisms, the ends of which are ragged and uneven in sections parallel to the main axis. 
Sections cut parallel to the bave are not frequent, but show perfectly the angle of 
124° JO’ made by the two prism faces. 

The pnsms have mostly formed parallel to the schist-plane, but in this plane they 
lie confusedly together in all directions, and the prisms are often crackd and broken. 
The crystals are fissured parallel to the main axis, but fissures also appear, which 
cross the individuals in every direction, An alteration proceeds from the latter. 

But few minerals appear enclosed in actinolite. Some small brown folia can be seen 
belonging to an unknown mineral, identical with those which occur in diallage. The 
abundance of zircon is remarkable, which mineral forms prisms of 0.1-0.2 millimetre 
in length. These small prisms are sometimes aggregated in clusters. The individuais 
are brownish-yellow in color. 

In Spec. 2193 some crystals of greenish hornblende occur, which can be easily dis- 
tinguished froin those of the colorless actinolite. 

‘The groundmass in which the individuals of actinolite are imbedded, consists generally 
of an aggregation of small quartz-grains and a pale-green, foliaccous, chlorite-like 
mineral. The broken individuals of actinolite have been cemented by the same sub- 
stance. 

§ 121. a. 2. Magnetic actinolite schist. 


Spec. 221. Mich., T. 47 N., R. 57 W., Sec. 13, N. E. qr. of S. W. qr. 

A compact rock, the constituents of which are only recognizable by the aid of the 
microscope. 

It consists of an aggregation of colorless small individuals of actinolite, in association 
with which magnetite occurs. A groundmass is not present, and with the exception of 
magnetite this rock represents a pure actinolite-schist. The small prisms lie confusedly 
together, and therefore in a thin section we observe sections of these minerals cut parallel 
and perpendicularly to the main axis. The prismatic cleavage in the latter is always 
quite recognizable. Magnetite is frequent in occurrence. It forms single, small, opaque 
octahedra, or ifs individuals are ageregated in clusters. In consequence of the begin- 
ning of decomposition, some crystals are surrounded by brownish hydratea oxide of iron, 


1 Zcitachrift d. deutsch. geol. Ges. 186), p. 529, 
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§ 122. a. 3. Magnetic actinolite schist. 


Spec. 3808. Mich., T. 47 N., R. 27 W., Sec. 13, N. E. qr. of S. W. qr. 

Spec. 1116. Mich., N. E. of Champion Mine. 

Spec. 1150. Mich., T. 48 N., R. 30 W., Sec. 25. 

Spec. 2241. Bed XV, Wis., T. 39 N., R. 18 E., Sec. 28, 1500 N., 1050 W. 

These specimens are very similar to Spec. 221 (Sec. 121); but actinolite forms here 
only small, colorless needles in aggregations, which lie parallel to the schist-plane. 
They are intermingled with small grains of magnetite, which compose alternating bands 
within the rock. Magnetite has been changed into hydrated oxide of iron in some 
places. Julien' has designated Specs. 1116 and 1155 as ‘‘magnetic anthophyllite 
' schist,’’ but as we formerly mentioncd, this constituent must be considered to be actin- 
olite. 

§ 123. a. 4. Magnetic actinolite schist. 


Spec. 177. Sharply defined colorless prisms of actinolite have formed in a felt-like 
groundmass of small needles of actinolite. The yellowish-brown color of this ground- 
mass proceeds probably from hydrated oxide of iron. The crystals of actinolite contain 
much magnetite; sometimes their outlines consist of this mineral and sometimes, even, 
the crystals consist partly of magnetite. Magnetite is also abundant in the groundmass 
where it occurs in large, sharply defined octahedra. 


§ 124. b. Hornblende rock and schist. 


These rocks are composed of green individuals of hornblende, in association with 
which occur quartz, feldspar, calcite, magnetite, titanic iron, apatite, etc. 

Although we may generally consider the schistose structure of the hornblende-schists 
as having its origin in the arrangement of the hornblende prisms which lie parallel to 
their main axis, it is not, however. always the case. In consequence of this, we often 
observe in thin sections parallel to the schist-plane, sections which are cut perpendicularly 
to the main axis of the prisms. 

The microscopical structure of hornblende-schists generally agrees with that of m:ca- 
schists. A groundmass is usually present, which consists either of an aggregation of 
small grains of quartz, or of feldspar or calcite. Besides these, hornblende-schists 
appear which are composed only of hornblende-prisms and in which no groundmass is 
recognizable. 

The hornblende-rocks are only to be distinguished from hornblende-schists by their 
massive, non-schistose structure. With regard to their composition, and the structure 
of their constituents, they are wholly similar to hornblende-schists. 

Apatite is not very frequent; its appearance, however, like that of titanite, is char- 
acteristic of hornblende rock. Magnetite and titanic-iron are abundant. 

The hornblende-rocks and schists which are only composed of individuals of horn- 
blende or in which the groundmass represents an aggregation of quartz-grains, are 
called simply ‘‘ hornblende-schists or rocks,’* and these will be described in §§ 125-130. 


§ 125. b. 1. Hornblende-schist and rock. 


Sec. 1752. Hornblende-schist. Mich., T. 42 N., R. 29 W., Sec. 22, near center of 
S. W. ar. 

All prisms of hornblende lie parallel to the schist-plane. The ends of the prisms are 
ragged and uneven, as in the case in nearly all hornblende schists. The strix are par- 
‘allel to the main axis. The individuals of hornblende are aggregated, and have taken 
place in @ quartz gronndmass. Fine crystals of plagioclase us an accessory minera 


1 Mich. Geol. Survey, 1873, Vol. II, p. £2. 
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appear, which show perfectly the characteristic twin-lamellation in polarized light; 
also a little orthoclase, rpatite, and irregular opaque grains of maynetite. 

§ 126. Spee. 2167. Hornblende rock. Bed XVII, Wis., T. 40 N., R. IR E., Sec. 
9, HU N,, 470 W. 

Thin sections contain instances of crystals cut pandlel to the main axis, and also 
others which are cut perpendicularly to at. The yellowish-green or bluish-green colored 
individuals of hornblende, which are sometimes twinned, lie confusedly together, and 
sometimes a prism ia crossed by another. Brown folia of biotite are widely spread 
through the whole rock. The groundmass is composed of an aggregation of quartz 
grains, which contain) minute fluid-enclosures, small needles and prisms of horn- 
blende and seales of biotite. Some crystals of orthoclase appear. Yellowish wedge- 
hike crystals of titanite are not unfrequent. Irregular opaque grains of titanic-iron are 
present, which sometimes show the beginning of a change into the well known white 
substance. Apatite is not frequent in occurrence, 

§ 127. Spec. 745. Hornblende-rock." Boulder from south shore of Lake Michi- 
gumme, (Source unknown.) 

This rock is almost entirely conmipoeed of large prisms of hornblende. Jn sections 
perpendicular to the main axis, we observe the prism with its characteristic angle of 
124° 30’, the orthopinacoid and the brachypinacoid. The prismatic cleavage is perfectly 
recognizable in these sections. A little quartz is present in which small needles of 
hornblende occur, Small grains and crystals of orthoclase appear, in which the be- 
ginnmg of alteration may be recognized. Titanic-iron is not unfrequent. 

$128. Spee. 1656. Hornblende-schist. Falls of the Sturgeon river, Michigan, T. 
39 N., R. 28 W., Sec. &, N. E. qr. of S. E. qr. 

The green prisms of hornblende are associated with brown folia of biotite. The 
abundance of t:tanic-iron is remarkable. The change of this mineral into white sub- 
stance called ‘leucoxen ” by GOmbel, is quite recognizable. Its individuals have been 
surrounded by this latter substance, and sometimes the decomposition has taken place 
in such a manner, that no trace of the original mineral is perceptible, but, however, the 
Original forms of crystallization are perfectly shown. In our investigations of the dia- 
base (§ 69), we proved that the opinion of Dr. GOmbel, who mentions this white sub- 
stance as an original one, cannot be correct, and also in this case, the change of titanic- 
iron is a fact which is beyond all doubt. Colorless grains of sahlite occur in this 
specimen. They are often aggregated in clusters. A little titanite is also prosent. 

$129. Spec. 2201. Hornblende-schist. Wis., T. 38 N., R. 21 E., Sec. 32, 900 N., 
2000 W. 

A very typical specimen. The green prisms of hornblende lie mixed together. Sec- 
tions parallel to the main axis, and others which have been cut perpendicularly to it, 
occur. Quartz forms the groundmass. Opaque irregular grains of magnetite are abun- 
dant. 

§ 130. Spec. 2124. Hornblende-schist. Bed XIX, W.s., T. 38 N., R. 20 E., Sec. 
15, 1000 N. 1970 W. 

This rock resembles Spec. 1752. Delicate green prisms of hornblende are abundant, 
which are imbedded in a quartzose groundimass. Agegregations of sahlite and single 
hexagonal folia of hematite occur. Irregular grains of magnetite are distributed 


throughout the whole section. 
8131. b. 2. Feldspathic hornblende schist and rock. 
As we formerly mentioned, there are amphibolites which contain a groundmass com- 
posed of grains of feldspar or caicite, besides those which consist of an aggregation of 


single hornblende prisms, or which contin a quartzose groundmass. The greater part 
of hornblende schists and rocks from the iron region of Lake Superior are feldspathic. 


’Mich. Geol. Survey, 1873, Wol. II, p. 164. 
Vou. HI. — 41 
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It is sometimes very hard to prove the feldspathic nature of the individuals of the 
groundmass mineral, for they show therein generally the same appearance as is charac- 
teristic of the quartz as a constituent of the crystalline schists. In consequence of this, 
irregular grains of feldspar are aggregated and form the groundmass, The single 
grains can only be distinguished from each other in polarized light, by which they 
appear with different colors. By common light the single individuals are not distin- 
guishable. They are mostly represented by orthoclase, but sometimes also plagioclase 
occurs. The colors which appear by crossed nicols cannot be always a test by which to 
distinguish feldspar from quartz, especially if the feldspar is fresh and unaltered. It is 
interesting to find that many grains of orthoclase are twinned according to the Carlsbad- 
law, and in consequence of this, such a mineral cannot be quartz. Ifthe beginning of 
alteration is recognizable, it is beyond all doubt, that the mineral is feldspar. 

Larger individuals of feldspar are present in some places, and then such rocks often 
resemble syenite, especially if they are not schistose. By the gradual reception of 
quartz, a feldspathic hornblende-schist will finally represent a hornblende-gneiss. In 
the following sections we shall prove that the feldspathic hornblende-rocks cannot be 
identified with syenite. 

§ 182. Spec. 1761. Hornblende-schist, Mich., T. 42 N., R. 23 W., Sec. 32, E. lin. 

This specimen represents a very typical feldspathic hornblende-schist. The ground- 
mass consists of an aggregation of irregular grains of orthoclase, with which those of 
plagioclase have been intermingled. The green hornblende-prisms are generally pres- 
ent in sections parallel to the main axis. Some aggregations of magnetite occur. 

§ 133. Spec. 527. Hornblende-schist. Mich., T. 47 N., R. 27 W., Sec. 15, N. W. 
qr. of N. E. qr. 

The crystals of hornblende have formed themselves parallel to the schist-plane, and 
occur in a feldspathic groundmass. Some irregular grains of quartz are present, the 
fluid-enclosures of which sometimes contain a bubble that moves about. A little biotite 
appears and also small needles of apatite. Tuitanic-iron is generally surrounded by the 
white substance. 

§ 184. Spec. 3071. Micaceous hornblende-schist.? 20th mile post M. & O. R. R. 

The prisms of hornblende and the numerous brown folia of biotite form a felt-like 
aggregation, which has been imbedded in the groundmass. The latter consists wholly 
of an aggregation of irregular individuals of orthoclase. 

The greenish hornblende has altered and shows the beginning of a change into viri- 
dite, in which substance some grains of epidote occur. A little calcite has settled in the 
fissures of the rock and has been formed in consequence of the decomposition of horn- 
blende. 

§ 135. Spec. 3029. Micaceous hornblende schist.* Republic mine. 

Besides hornblende, biotite is abundant. These constituents together or separately 
form aggregations, which have taken place in the feldspathic groundmass. The occur- 
rence of calcite therein is remarkable. In this case, this mineral is an original constit- 
uent. The small grains are aggregated in clusters, which are intermingled with small 
folia of biotite. These clusters lie also in the groundmass, and are doubtless of origi-. 
nal formation. Apatite shows sharply defined hexagons in sections parallel to the 
base, and is also present in the form of long prisms, which represent sections parallel 
to the main axis. A little quartz is recognizable. 

§ 136. Spec. 2182. Micaceous hornblende schist. Bed XVII. Mich., T. 41 N., 
R. 31 W., Sec. 17, 760 N., 1375 W., on Brule river. 

The groundmass consists of an aggregation of small individuals of feldspar, but also 
larger crystals are present. They consist partly of orthoclase, the individuals of which 


Fk eee 
1 Mich. Geol. Survey, Vol. It, p. 210. 3 Mich. Geol. Survey, Vol. II, p. £05. 
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are sometunes twinned according to the Carkbad-law, in which the plane of junction 
te paralel to the clino-pinneod, and which are characterized by a line dividing a 
crystal into two parts, which, by crossed nicols, tuow ditferent colons, The feldspar con- 
Atient is partly represented by plagioeclise, 

The greeneh-hornblende appears mostly in the form of mmicrolites, which are aggre: 
ated. Larger prising are rare in occurrence. Brown mica is abundant, but its folia 
are small and narrow, 

Long needles and prisms of apatite pierce the rock in every direction, Small, yellow 
and wedye-lke erystals of titanite occur. 

Titame-iron in association with the white substance ia present. 

RUST. Spec. Go78. Momblende-schist. Light-house Point Quarry, Marquette. 

Hornblende is present in irregular green folia, which are striated. Biotite is, how- 
ever, not rare in occurrence, Numerous sharply-detined hexagonal folia of hematite 
appear, being blood-red in color. Culcite is abundant, and its individuals often show a 
distinct twin-lamellation, ‘Titanie-iron forms very small grains, but each is surrounded 
by the known white substance. Minute folin and scales of muscovite Appear. 

The groundmass consists of an aggregation of individuals of feldspar. 

S138. Spee. $25. Homblende-schist. Mich., T. 47 N., R. 27 W., Sec. 18, N. W. 
qr. of NW. qr. 

The groundinass consists chiefly of an ageregation of small individua!'s of orthoclase, 
but also minute grains of playioclase occur. The small prisms of hornblende are of 
bluish-green and of yellowish-green color. Numerous small and narrow folia of bio- 
tite appear. A little caleite is present and also some crystals of titamite. 

$139. Spee. 1614.) Hornblende-schist. Mich., T. 39 N., R. 29 W., See. 15, N. W. 
qr. of N. W. qr. 

The individuals of hornblende represent large folia or plates, in a thin section, which 
show also characteristic properties of this mine-al. The occurrence of original calcite is 
remarkable, and very interesting in its appeanince. It forms sharply defined rhombo- 
hedra, which sometimes are agyregated, and partly reach into the prisms of the horn- 
blende. The outlines of the latter mineral are marked in this case by the rhombohedra. 
A little quartz is present, containing colorless needles of apatite, which sometimes have 
broken into several pieces. ‘Titanic-1ron is present in irregular individuals. The ground- 
miss consists of feldspar. 

§ 140. Spec. 28.) Hornblende-schist.". Mich., W. branch of Ontonagon river, 
T. 46 .N., R. 41 W., See. 13. 

The hornblende- prisms are of a pale green color, and bear some resemblance to actin- 
olite, The individuals are sometimes cracked and shaken. Magnetite is frequent in 
occurrence, but it shows the beginning of a change into hydrated oxide of iron, and 
therefore it 1g surrounded on its outlines by this latter brownish mineral. ‘lhe ground- 
mass consists of an aggregation of irregular grains of orthoclase. 

8 141. Spee. 2051. Hornblende-schist. Wis., T.38 N., R. 20 E., See. 25, 1450 N., 
§00 W. 

The hornblende appears in the form of small microlites, and by this also the 
larger individuals represent an aggregation of such microlites. All are of a light- 
green color. Neither magnetite nor titanic-iron is present. The groundmass consists 
of an aggregation of small individuals of orthoclase and plagioclase, the former min- 
eral predominating. Fine aggregations of colorless grains of sahlite occur, which 
appear with bright colors in polarized light. 

§ 142. Spec. 2122. Altered hornblende-schist. Wis., T. 38 N., R. 20 E., Sec. 8, 


2000 N., GOO W. 
The green prisms show the beginning of decomposition, and a change to vindite 


} Mich. Geo!. Survey, Vol. IT, p. 171. 
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has taken place. Small individuals of yellowish-green epidote occur, which have 
been newly formed in the viridite. Titanic-iron has been also changed into the 
grayish-white substance. Orthoclase composes the groundmass. The single individ- 
uals are dull in appearance, in consequence of the beginning of alteration. Minute 
irregular grains of quartz occur. 

§ 143. Spec. 1099. Hornblende schist.! Edwards mine. 

The hornblende is typical in appearance. Its section perpendicular to the main axis 
is characterized by many fissures, which show the prismatic angle uf 124° 30’. Its forms 
of crystallization are also perfectly recognizable in this plane. 

The longitudinal sections show a striation parallel to the main axis. The ground- 
mass is feldspathic. Many small needles and prisms occur, which are especially pres- 
ent in the individuals of hornblende, Calcite appears in the fissures of the rock. 
‘ Titanic-iron is frequent in occurrence. 

§ 144. Spec. 3022. Hornblende rock.? Republic mine. 

A coarse-grained rock in which hornblende is the chief constituent. Aggregations 
of orthoclase and a little plagioclase represent the groundmass. Alteration has already 
begun in the minerals composing the groundmass. Biotite in brown folia is abundant. 
A little quartz in irregular water-clear grains appears. Small bluish-gray prisms of 
tourmaline, which are strongly dichroitic, occur, but are not abundant. Hexagonal 
prisms and needles of colorless apatite pierce especially the individuals of hornblende. 
Magnetite and titanic-iron are present. 

§ 145. Spec. 1103. Feldspathic hornblende-rock.2 Washington mine. 

The aggregations of hornblende-prisms lie in a feldspathic groundmass. The single 
individuals are yellowish-green and bluish-green in appearance. The feldspar, in irregu- 
lar grains, is mostly represented by orthoclase and composes the groundmass. They 
show a mosaic-like aggregation in polarized light. Larger grains of orthoclase also 
appear, which are sometimes twinned according to the Carlsbad-law. They contain 
small prisms of hornblende, grains of magnetite and brown folia of biotite. The latter 
mineral is widely spread through the whole rock. This rock, which is characterized by 
@ massive structure, cannot be considered as a diorite, for the feldspar-constituent is 
especially represented by orthoclase. Nevertheless we cannot consider it to be a syenite, 
_ for this rock principally consists of hornblende, and further contains a groundmass, 

which is composed of a mosaic-hk2 agzregation of small individuals of orthoclase. 
The massive and eruptive rocks never have this appearance. 

These hornblende rocks represent, with regard to structure and the general character 
of their constituents, distinct members of the group of *‘ crystalline schists,"’ with the 
single exception that a schistose structure 1s entirely wanting. 

§ 146. Spec. 1087. Feldspathic hornblende-schist. (Hornblende-gneiss, Julien.') 
Old Washington Mine. 

This specimen is very rich in feldspar, Irregular grains of orthoclase and plagioclase 
form the groundmass, but larger ones also occur in it. ‘The green hornblende prisms are 
very fresh and unaltered. Numerous folia of biotite occur. Magnetite is abundant. 
Distinct individuals of quartz are not present, and therefore this rock cannot be a gneiss, 
as Julien calls it. However, it is possible that in other hand-specimens quartz may 
occur as an essential constituent. 

§ 147. Spec. 2089. Hornblende-schist. Bed XIX, T. 40 N., R. 19 E., Sec. 18, 750 
N., 1000 W. 

The hornblende occurs mostly in the form of long, narrow prisms, which have all 
formed parallel to the schist-plane, and therefore no cross-sections of their individuals 


1 Mich. Geol. Survey, Vol. II, p. 168. 
2Mich. Geol. Survey, Vol. If, p. 24. 
3 Mich. Geol. Survey, Vol. II, 1873, p. 156. 
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occur, Muscovite and biotite are both present, but the latter is much more frequent in 
the form of Jarge imeygular brown folia. Small wedge-like crystals of titanite occasion: 
ally occur, Crystala and grains of t:tanic-fron are mostly surrounded by the grayish- 
whilesubstance, The tissures of the rock are tilled with calcite. Agyregations of small 
individuals of orthochise form the grounduness. 


$448. bb 3. Caleareous hornblende-schist. 


The third proup of amphibolites is one in which carbonate of lime represents a chief 
constituent. This mineral also forms a groundimass in these rocks, as is the case in 
*caleareous inica-schista.”’ The small irregular grains of calcite are aggregated, und 
the other constituents areimbedded in this substance. Sometimes the individuals show 
a distinct twin-lamellation and the rhombohedral cleavage is also quite perceptible. 
The non-twinned grains of calcite appear of a milky-blue color by crossed nicols. Of 
the original formation of these individuals of celeite there is no doubt, since the other 
constituents have formed in it. 

S149. Spee. 2189. Hornblende-schist. Wis., T. 33 'N., R. 19 E., See. 1. 500 N., 
oO) W. 

Simall and delicate green prisms of hornblende are mostly aggregated and lie in the 
calcareous groundimass, Small single prisms of hornblende also appar, enclosed in 
calcite. Biofite in brown folia is frequent in occurrence. 

§ 150. Spee. 2061. Hornblende-schist. Bed XIV, Mich., T. 39 N., R. 30 W., Sec. 
lo, LIWO N., 225 W. 

Hornblende is present in very small prisms or in yellowish-green folia. The latter 
resemble the biotite a little, but their optical properties establish their hornblendic 
nature. Minute irregular grains of quartz appear. The other part of the rock is repre- 
sented by an aggregation of irregular grains of calcite. 

3 158. Spec. 817. Hornblende-schist.* N. of Northwestern Hotel, Marquette. 

This specimen is an aggregation of very small prisms of hornblende which are im- 
bedded in a calcareous groundinass. Minute grains of quartz occur and magnetite is 
distributed throughout the whole rock, in which the beginning of a cliange into hydrated 
oxide of iron can be observed. 

§ 152. Spec. 113. Hornblende-schist. Mich., T. 47 N., R. 27 W., Sec. 15, N. W. 
qr. of S. E. qr. 

Besides hornblende smali folia of biotite occur. Opaque? grains of titanic-iron are not 
un;.equent, and are generally a httle altered. Some colorless individuals of sahlite 
uppear, which show a cleavage by which the pyroxenic minerals are characterized. 
Aggregations of calcite represent the groundmass. 


§ 153. 19. Augite-schist. 


(Micaceous augite-schist. ) 


Spec. 1170. Champion mine. It was formerly believed that augite could only occur 
especially in basic rocks — not in association with quartz, and not present in crystalline 
schists. Some time ago this mineral was observed as a constituent of some crystalline 
schists in Silesia and in Taunus. 

The groundmass of this rock is represented by an aggregation of water-clear quartz 
grains, which contain only minute fluid enclosures. 

Augite (sahlite) forms irregular individuals of a pale green color, which have all 
formed parallel to the schist plane, and, therefore, no sections cut perpendicularly to the 
main axis occur in the slice. Sometimes the individuals are twinned, and in conse- 
quence, the two parts of augite appear with different colors by polarized light. 


1 Mich. Geol. Survey Vol. If, 1873, p. 136. 
* Mich. Geol. Survey, Vol. IT, 1873, p. 175. 
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Biotite is abundant. It forms irregular folia, which show a strong dichroism. The 
folia are mostly aggregated in clusters, but single ones also are distributed throughout 
the rock. , 

Some colorless folia and scales of muscovite are present. Magnetite occurs in sharply 
defined octahedra, and in irregular grains. 


§ 154. 20. Chlorite schist. 


Chlorite schist consists of an aggregation of folia of chlorite, but even in typical speci- 
mens it is associated with other minerals. 

Chlorite generally appears in the form of pale, green colored folia or scales. Its 
dichroism is feeble and sometimes not easily recognizable. In polarized light, the folia 
appear partly in bright colors, partly in darkness, when lying paratlel to the base. 

The irregular shaped folia have mostly formed themselves parallel to the schist-plane, 
but others lie in other directions. 

A great number of different minerals have a share in the composition of chlorite 
scaists, If they are present in considerable quantity, they represent a chief constituent 
of these schists. 

Quartz may first be mentioned. This mineral generally constitutes the groundmass 
in the form of the well-known ageregations. Besides this mode of occurrence, it 
appears also in larger grains. Feldspar, as well in the form of orthoclase, as plagio- 
clase, is sometimes not unfrequent. By a gradual increase of this constituent at 
length a chlorite-gneiss would appear. Biotite is abundant, its presence being proven 
in nearly all specimens. Magnetite is present in the form of sharply-defined octahedra 
or in irregular grains, Titanic-iron, zircon, tourmaline, actinolite, etc., appear now 
and then. In § 155, the typical varieties of chlorite-schist will be described. 


§ 155. a. Chlorite-schist. 


Spec. 1250. Norway Portage, Michigamme river. 

Spec. 2082. Bed XVIII. Mich, T. 41 N., R. 30 W., See. 30, 1250 N., 1750 W. 

Spec. 2094. Bed XVIII. Mich., T. 41 N., R. 31 W., Sec. 23, S. W. qr. of N. E. qr. 

Spec. 2097. Bed XVIII. Mich., T. 41 N., R. 30 W., Sec. 30, lot 3. 

Spec. 2132. Bed XVII. Wis., T. 39 N., R. 19 E., Sec. 7, 1800 N., 1950 W. 

Spec. 3055. Barnum mine. 

Chlorite schist generally shows, in a thin section, a woven mass of green folia of 
chlorite. The size is variable — sometimes the folia are also visible to the naked eye, 
and then they show a bluish-gray color under the microscrope, but sometimes they ave 
very sinall, and then appear in the form of minute, nearly colorless, scales. 

Compact clusters of aggregated green folia sometimes occur in the loose structure of 
the other folia of chlorite (Spec. 2094). Quartz is abundant in the form of aggrega- 
tions of irregular angular grains. They contain minute fluid-enclosures, which are 


not, however, abundant. 

The chlorite-schist of Norway Portage is especially rich in quartz.! 

Magnetite occurs in all specimens, and gencrally appears in the form of sharply 
defined octahedra, which may be separated from the rock when powdered by means of a 
magnet. It is sometimes aggregated. 

Biotite occurs in simple folia, and is easy to recogniz2 by its brown color and its 
strong dichroism (Specs. 2132, 2097). 

The appearance of small prisms of tourmaline which cannot be seen by the naked 


1 Julien has provisionally called this rock, “ Micaceous siliccous schist * (Mich. Geol. Survey 
Vol. II, p. 108), but it consists of chlorite, quartz and magnetite, and therefore it {8 a true chlo- 
rite-schist. Spec. 3055, of Barnum mine, has been called by the same author, “Gray feldspatkic 
avzlite,” but it is also a typical chlorite-schist. 
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eye is remarkable, Zirkel! proved the presence of colorless prising of a mineral which 
mesembled tourmaline very much in appearance, ina chlorite-schist from) Fansiedel in 
Bohemia, ‘The prisms of taursnaline are biuinh-yray in color and strongly dichroitic. 
They are mostly broken into several pieces, generally parallel tothe base. 

Zircon in reddish-brown small prisms is abundant in Spec. 2004. (See § 25.) 


§ 156. b. Quartzose chlorite-schist. 


Spec, 137. Mich., T. 47 N., RB. 26 W., See. 33, N. E. qr. of N. E. qr. 

A groundmass is present which is composed of an agyregation of small grains of 
quartz, Besides these, larger individuals of this mineral occur, They contain many 
tHid-enclosures, which sometimes show a movable bubble, and also numerous small 
needles and prisms of apatite occur in the pellucid quartz. 

Chlorite occurs in the form of clusters of its green folia, as well.as in’ single folia in 
the fissures of quartz. 

Nomeroos sinall prisms of zircon are recognizable, A little calcite appears in sharply 
dstined rhombohedra, or in irregular grains, which seldom show a distinct twin-lamel- 
lation by polanzed lyht. 

$157. Spee. gob. Mich., L’Anse, T. 50 N., R. 33 W., See. 18, N. of W. qr. post. 

The quartzos> grains contain some few fluid-enclosures, and besides these some mi- 
crolites occur. ‘The folia of chlorite are mostly agsrregated in clusters, but also single 
ones appear in the groundmiass and in the larzer grains of quartz. Magnetite is pres- 
ent in irregular gruns. A little feldspar (orthoclase) occurs in the form of round indi- 
vaduals, which are dullin appearance in consequence of the beginning of alteration. 
Minute scales of chlorite appear in their fissures. 


§ 158. ¢. Feldspathic ehlorite-schist. 


Spec. 9-2. Mich., T. 50 N., R. 32 W., See. 13, near center. 

This specimen is chiefly of chlorite and quartz. Magnetite occurs in distinct octa- 
he Ira. 

The appearance of feldspar is interesting, the presence of which had already been 
established by Julien.? This mineral does not form here sharply defined crystals, but is 
present in round and angular grains. These individuals are enclosed by lenticular 
masses of the folia of chlorite, giving rise to the conjecture that the feldspar may have 
existed before the formation of the chlorite. Feldspar is represented as well by ortho- 
clase as by plazioclase, The twin-lamollation of the latter mineral can be particularly 
well recognized by crossed nicols. 


8159. d. Micaceous chlorite-schist. 


Spee. 729. Mich., Spurr Mountain Iron Range, T. 48 N., R. 31 W., See. 23. 

This rock is remarkable especially from the presence of the beautiful pseudomorphs of 
chlorite after garnet. Pumpelly? has made exact microscopical investigations on this 
sulject 

No quartz is recognizable, and therefore this specimen presents in a thin section only a 
woven mass of green folia of chlorite. 

Biotite occurs in the form of numerous brown folia, which are strongly dichroitic and, 
on an average, 0.4 millimetre in length and 0.1 millimetre in breadth. The folia 
are laminated in sections parallel to the main axis. Muscovite is not unfrequent. It 
forms colorless folia of the same size as those of biotite, and appears in bright colors by 


}Mikroskop. Beschaffenhelt, ete., p. 474, 1873. 
3 Mich. Geol. Survey, Vol. Il, p. 106. 
3 American Journal of Science and Arts, 1875, July, Vol. X. 
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polarized light. Many grains and plates occur, probably partly magnetite and partly 
titanic-iron. 

§ 160. Spec. 2091. Bed XVIII, Wis., T. 40 N., R. 19 E., Sec. 18, 900 N., 100 W° 

Besides chlorite and quartz, biotite is abundant. Its brown folia are widely spread 
over the whole rock and easy to recognize by its characteristic properties. Magnetite is 
present in numerous irregular grains. We also observed a dust-like non-crystallized 
substance in all parts of the thin section. 

§ 161. Spec. 2078. Bed XII, Wis., T. 89 N., R. 19 E., Sec. 11, 200 N., 760 W. 

This specimen represents chiefly an aggregation of green folia of chlorite in which 
numerous brown folia of biotite have formed. Irregular grains of calcite appear here 
and there. A grayish, dust-like, non-crystallized substance is also present, as is the case 
in Spec. 2091. 

§ 162. Spec. 537. Mich., T. 47 N., R. 27 W., Sec. 11, S. W. qr. of S. W. qr. 

Spec. 931. Mich., T. 47 N., R. 27 W., Sec. 15, S. W. of N. W. 

These specimens represent chiefly a compact woven mass of green folia of chlorite. 

Brown folia of biotite are abundant, sometimes in nearly the same quantity as chlo- 
rite. Some colorless prisms of apatite occur. The quartz in minute grains contains a 
few fluid enclosures. 

Feldspar (especially orthoclase) appears, and its substance is filled with minute scales 
of chlorite. It is very little altered. We may finally mention the presence of roundish 
grains of garnct and of sahlite. In Spec. 931 small folia of muscovite are recognizable. 


8163. e. Actinolitic chlorite schist. 


Spec. 2227. Upper falls, Pine river, Wis., T. 39 N., R. 18 E., Sec. 30. 

The groundmass consists of an aggregation of small grains of quartz. Numerous 
colorless prisms of actinolite occur in association with the green folia of chlorite. It 
is, however, quite easily recognized by its characteristic properties, as we have shown in 
§ 12. Brown folia of biotite appear now and then. The black, opaque grains, which 
are irregularly distributed throughout the whole rock, are magnetite. 


§ 164. 21. Talc-schist. 


Spec. 1081.! Old Washington mine. 

Spec. 3074.2. Grace Furnace, Marquette. 

Talc-schist consists of scaly and laminated aggregations of tale. The structure of 
these schists is always very fine and scaly. The single folia of talc are colorless and 
mostly fringed. 

Spec. 3074 from Grace Furnace resembles much a talec-schist from Schwarzenbach, in 
the ‘‘Fichtelgebirge,’’ Bavaria. It consists chiefly of white folia and scales of talc, 
which are irregularly aggregated and represent a felt-like mass. Minute grains of 
quartz occasionally appear. Small grains of magnetite occur, each surrounded by 
brown, hydrated oxide of iron, occasioned by the oxidation of the magnetite. Besides 
these minerals, hexagonal folia of hematite, bluish-gray prisms of tourmaline and 
small crystals of zircon are present. 

In Spec. 1081 aggregations of angular grains of quartz form the groundmass, with 
which the folia and scales of talc are interwoven. Magnetite appears in numerous 
sharply defined octahedra with which a yellow, transparent, unknown mincral, is some- 
times associated. This mineral also occurs in single prisms; it suggests zircon but has 
not the properties of that mineral. Green folia of chlorite are sometimes present. 


1 Altered biotite schist (Julien). 
2Talcose argillite (Julien). See talc in the two preceding chapters. T. B. B. 
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G 105. 22. Eklogite. 


Spec, 1001. &. E. of Old Washington mine.! 

Spee. br27, Washington mine? 

A great number of different rocks have been called “ ekloyite."" According to the 
investigations of R.v. Drasche,? this rock consista either of garnet and omphac.ts, a 
vanety of auite, or of a hornblendic mineral nearly as related to smaragdite as to the 
common hornblende. 

Bexdes garnet, it is compos«d of a hornblendic or an augitic mineral, 

Eklogite is not very widely distributed, but it occurs in association with Archian rocks. 

We may now mention the occurrence of eklogite from the iron-reyion of Lake Su- 
perior. 

Spee, C027. Washington mine. 

Garnet is plainly visible to the naked eye ina thin section cut perpendicularly to the 
sclust-plane, This mineral forms, microscopically observed, irregular grains or distinct 
erystaia in regular hexagonal or rectangular sections, The individuals are highly 
fissured, and contain numerous needles and prisms of actinolite. They are of a very 
pale-red color, 

The hornblendie constituent is represented by actinolite, which is of a pale-green 
color, or colorless in appearance. ‘The prisms of actinolite are fissured parallel to the 
main axis, and their ends are ragged and uneven. The needles and prisis ure partly 
ranged parallel to each other, and partly lie confused. The numerous irregular black 
grains, which are widely spread through the whole rock, are magnetite. 

Spec. 1001. S. E. of old Washington mine. 

The same constituents are present in this specimen as inthe before mentioned ones, 
The prisms of actinolite are larger and more distinctly recognizable. Some folia of 
brown biotite occur. The grains of garnct are also larger, but always irregularly 
formed, The garnet holds crystals of magnetite and small needles of actinolite in 
great numbers. Large sharply detined octahedra of magnetite are richly dispersed 
throughout the whole rock. 

Julien (1. c.) has called those rocks “ brown anthophyillite-schist.”"”. As I have men- 
tioned before ($ 12), this constituent belongs to the monoclinic system, and is a horn- 
blendic one according to its physical properties. 

It may seem strange that these rocks have not been called “‘ garnetiferous actinolite- 
schist or rock," but in consequence of their transition into true garnet rock,* as is also 
the case with eklogites of Saxony, I preferred the name *‘eklogite.”” A rock which 
has as constituents, actinolite and garnet, has quite as just a claim to be called eklogite, 
as one of which the constituents are hornblende and garnet, or smaraguite and garnet, 
The cases are perfectly parallel, as these rocks are also intercalated between the Ar- 
chan schists. 

$166. B. Fragmental-rocks. 


This class of rock comprises all those which have been formed mechanically out of the 
materials of older rocks. The fragmental-rocks, therefore, are made up of sand, peb- 
bles, clay, ete., which are deposited especially as a sediment. These rocks are not of 
frequent occurrence in the Archean formation, but, however, they occur as well in the 
lower as in the upper part of the series. 

By their structure and composition we can distinguish clay-slates, sandstone, and 


chert-brecc:a amongst the fragmental-rocks of the iron region of Lake Superior. 
ee ee, 


1 Mich. Geol. Survey, Vol. II, p. 91. 

3Mich. Geol. Survey, Vol. IT, p. 203. 

3Techermak. Mincralog. Mitthcilunzen, 1871, Vol. IT, p. 58. 

* There has becn no truc garnet rock in quantity observed in the iron bearing series. T. B. B. 
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§ 167. 23. Clay-slate. 


Clay-slate consists principally of argillite, but it is also rich in other substances, and 
crystalline elements, as will appzar below. According to the nature of accidental con- 
stituents, we are able to distinguish: Clay-slate (typical varieties), carbonaceous clay- 
slute, novaculite and micareous clay-slate (phyllite). The latter sometimes shows a 
transition into mica-schist. 

§ 168. a. Clay-slate. 

Spec. 983. Mich., T. 50 N., R. 32 W., Sec. 13, near center. 

Spec. 998. Slate river, Mich., T. 51 N., R. 31 W., Sec. 21. 

Spec. 807. Sec. 11, T. 47 N., R. 26, Michigan. 

Spec. 814. Chocolate flux quarry, near Marquette. 

Spec. 2067. Bed VI, Mich., T. 40 N., R. 30 W., See. 32, 420 N., 400 W. 

Spec. 2147. Bed XVIII, Wis., T. 40 N., R. 13 E., See. 14, 1375 N., 750 W. 

Spee. 2237. Bed XVI, Wis., T. 39 N., R. 18 E., Sec. 28, 1525 N., 1050 W. 

Before the microscope was adopted in lithological investigations, the geologists 
maintained the opinion that clay-slates only contained those substances which were 
formed from destroyed and decomposed constituents of rocks, with the exception of 
some minerals which were visible to the naked eye. 

The exhaustive work of Dr. Zirkel! was destined to give us fresh light on this mat- 
ter. His investigations proved that clay-slate unquestionably contains crystaliine ele- 
ments, especially in his examinations of Devonian and Silurian specimens,? all coming 
from quite different localities, he found them all filled with thin yellowish-brown nce- 
dles. ‘hese needles seldom reach a breadth of more than 0.003 millimetre, and some- 
times a length of 0.03 millimetre. They are generally straight, but curved ones, how- 
ever, do occur. Two, three or more needles sometimes meet, forming a fork-lik2 
or star-like aggregation. In another case, quite thin ones cluster at the ends of a 
thicker one in the form of a zigzag. These crystals are nearly all placed parallel to the 
original slate-plane. In the direction of their longitudinal axis, they are, however, dis- 
tributed confusedly in different portions. Sometimes they lie singly, at others they 
aggregate in thick clusters. 

The mineralogical nature of these crystals cannot be determined on account of their 
minuteness. They are supposed to bear a little resemblance to hornblende. It is re- 
markable, that in all of tha nume2rously examined Silurian and Devonian clay-slates 
these yellowish-brown needies were wanting. 

Dr. Zirkel recognized as a further crystalline element in the clay-slates, pale-yellow 
folia of a mica, or tale-like mineral, which correspond with those which are recognized 
as constituents of ‘‘ phyllite’ (micaceous clay-slate). This mineral is especially found 
in those places where the before-named crystals are numerous. In many clay-slates 
grains of pyrite appear, and around these crystalline folia of mica have often clustered. 
In other varicties of clay-slate, small transparent grains of a reddish-brown color occur, 
which are supposed to be oxide of iron. They are too small to admit of an examination 
of their optical character. Other black irregularly shaped substances seem to be coal 
dots. The carbonate of lime, which is recognized by its effervescence, when treated w:th 
hydrochloric acid appears distinctly in the clay-slate as microscopical scales of calcite. 

Till now we could only observe with the aid of the microscope proper fragmental 
elements, which help to form the clay-slate. Firstiy, irregular and fragmental folia 
and scales of a tale or mica-like mineral, consisting of delicate lamellae, which are bent 
a little. Secondly, there occur irregular particles of quartz, and then fragments of feld- 
spar partly decomposed, which are very seldom recognizable. 


cal Sce., London, Feb., 1879. T. B. B. 
2Pogg. Ann. CXLIYV, 1871, p. 39, and Mikrosk. Besch., 1873, p. 490. 
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In the clay-slate silica shows a peculiar appearanes, Colorless places in’ the thin 
sections are sometimes observed, which are mostly of an egy-lke shape. In polarized 
light they appear in bright color, They often contain numerous fluid-enclosures, 
Which are arranged in rows, and which ure doubtless quartz. ‘This form of quartz his 
nothing to do with the before-mentioned fraymental grains, Followed, their outlines 
ran into the surrounding substance of the rock. 

A colorless substance, which is especially rich in’ crystalline elements, is) found 
amonst the consttutents of clay-slites. Like cement, it penetrates everything. Tt is 
of a real homogeneous and amorphous constitution, and. is recognized by plarizsd 
hight to be perfectly isotropic, This material representa probably an opaline suvs ace, 
orit may, perhaps, be a porocline amorphous silicate, 

Besides these classical investigations of Dr. Zirkel, these of Dr. Auger are also re- 
markable, He not only contirmed the results of the labors of the before named inves- 
turator, but recognized in tourmaline! a new erystalline constituent of seme clay-slates. 
He observed this mineral in the form of a bluish-gray, or of pale-green prisms, the 
‘ads of which, in most cases, manifested ditferent forms —one end being pointed by 
an acute angle, the other being generally blunted by a right aggle plane. On an 
average they are 0.9 millimetre in length and of 0.2 millimetre in) breadth. © Now 
and then such a prism is broken into two or more pieces, which are placed near to one 
another, and he paratlel to the main axis, This is a proof that these pieces belong 
together and had formerly composed one erystal. Tie basic cleavage: is dis‘inctly 
recognizable and may possibly have favored the breaking of the prisms before the 
eoliditieation of the rock. With regard to its optical properties, this mineral refracts 
the ight doubly, and is strongly dichroitic. These facts can only be true of tourmaline. 

We may mention finally the investigations of Dr. G. R. Credner? on the crystalline 
constituents of clay and clay slate, but which, however, are not of great importance. 
He recogniz¢d the presence of th» same crystalline constituents which ha: been found in 
the Silurian and Devonian clay-slates, in the younger clay slates from the carboniferous 
period to the tertiary, but in a proportion decreasing with the age of the rocks. 

§ 169. The question of the formation of the aforementioned crystals (clay-slate- 
needles) is of great importance in view of the origin of clay-slate. Dr. Zirkel has ex- 
pressed the opimon that these nee Iles were formed during the d-position of the clay- 
slute as mud, and before the solidification of the rock. He says: 

** After the recognition of these facts, there arises the question, whether the micro- 
scopical half-erystalline state of the clay-slate is a more or less original one, whether 
the rock has obtained this structure in the beginning (be it immediately during its 
deposition as mud, or at least before its soliditication), or whether, on the other hand, 
this half-crystalline condition has been developed in the slate long afterwards, during 
the following geological periods, by additional and secondary metamorphic processes of 
any kind, as is theoretically the case for the microscopically wholly crystalline schists. 
Every accurate examination of the thin sections, every scrupulous observation of the 
number, position and distribution of the crystalline elements (which can scarcely have 
afterwards grown in the solid rock), has thus far always ended with the conviction, that 
the first of these alternatives is just as probable as the latter is improbable.” 

Although in these words a distinct opinion has been expressed, Dr. G. R. Credner 
adopted the view that these crystalline elements are the results of a ‘chemical pre- 
cipitation of the ocean.” 

Deless>,‘ in speaking of the investigations of Dr. Z:rkel, says: 


1Techermak. Mineralog. Mittheilungen, 1875, p. 162. 

® Zeitechrift f.d. Geaammten Naturw., 1875, p. 507. 

3 Mikroekop. Beschaffenheit, p. 493. 

‘Revue de Geologie dans les Annces, 1873-74. Paris, 1876, p. 203. 
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“Tt appears that the crystalline structure that is observed in the slates is not to be 
looked upon as an original substance, for to admit that it goes up to the deposition of 
the slate would be to go back to the theory of Werner; it is, however, possible that the 
crvstalline structure of the schist has developed itself at the epoch of its consolidation, and 
is the result of the compression that it has undergone; in one word, of its metamorphism.”’ 

$170. After having given the results of the microscopical investigations of clay- 
slates of the Devonian and Silurian ages, it mast be interesting to examine those of the 
Huronian period. In no specimen could the needles, which are characteristic of the 
Silurian and Devonian clay-slates, b2 found; but a mineral was found, however, easily 
recognizable and present in great quantities in the thin sections. This is tourmaline. 
as already proved by Dr. Auger (I. c. p. 163) in some German specimens, though only 
in small quantities. 

Tourmaline represents, sometimes, a chief constituent in the clay-slates of the iron 
region of Lake Superior. It appears in the form of small prisms of 0.015 to 0.05 mil: 
limetre in length, and 0.003 to 0025 millimetre in breadth (Spec. 2067). On the ends of 
the prisms, rhombohedra often appear in combination and sometimes also as the base. 
Crystals even occur there, which show a distinct hemimorphism, which is an especial char- 
wcteristic of this mineral. The prisms are of a bluish-gray color, the larger ones often 
darker colored, but all showing a very strong dichroism. Completely formed individuals 
are not frequent; they have been mostly broken into several pieces. Generally the frag- 
ments which belong to each other are found close together, so that this circumstance 
enables us to conceive what the entire crystal would be. Sometimes the fragments are 
linked in the form of achain. In Spec. 2067, I could recognize an individual which 
had been broken into eight pieces, which had all been cemented again by the clay-slate 
substance. : 

The question now arises as to the origin of these crystals of tourmaline. We can 
assume four possibilities for their formation: 

1. They may be the remains of the original rock, from the destruction of which clay- 

slate has been formed. 

2. They may be the result of precipitation from the ocean. 

3. They may be the result of a metamorphism. 

4, They may have been forin2d during the deposition of clay-clate, as mud. 

1. If tourmaline had been a constituent of the original rock, the decomposition of 
which has induced the formation of clay-slate, it must have been destroyed in the same 
manner as was the case with quartz. But the prisms of tourmaline possess so sharply 
defined outlines, that we cannot possibly consider it as a constituent of the original 
rock. In clay-slates, quartz is only to be found in the form of small fragments; feld- 
spar is very indistinctly recognizable. In consequence of these facts, we may safely 
entertain te opinion, that such a theory on the origin of tourmaline cannot be main- 
tained. 

2. If we could consider these prisms of tourmaline as precipitated from the ocean, 
we should agree with the theory which Dr. G. R. Credner has given in his paper on the 
crystalline elements in clay-slates and clays. But such an explanation cannot be consid- 
ered as sufficient. Taken in the abstract, it isincredible that a mineral, composed of so 
many different elements as tourmaline is, could be formed in the ocean. We have no 
- proof that the ocean is capable of inducing the precipitation of crystals of any mineral, 

and until such a proof b2 given we can never accept such a theory, except as to those 
which are soluble in water. : 

3. If we consider the presence of tourmaline as the result of a metamorphism which 
had taken place in the rock, we should agree with the opinion expressed by Delesse. 
We have never doubted that the formation of minerals as a result of metamorphisin is 
possible; but in this case such an opinion is not acceptable. Ase have formerly 
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mentioned, the prisma of tourmaline are generally broken into several pieces, These 
frayinents belong to one crystal, and in our opinion we can recompose such a crystal. 
If a metamorphism had taken place at the time of the formation of these individuals, 
the rock must have already been solid; and if, lator, the erystala were broken by me- 
chanical proceaes, the substance which cemented the single fragmenta must have been 
a crystalline one. But the substance which coments these fragmenta consists of amor- 
phous clay, and therefore the crystals cannot have been produced by metamorphism. 

4. Having shown, as I b-heve, the impossibility of the three before mentioned hy- 
potheses, [ have only to express my agreement with the opinion that the formation of 
tourmaline tovk placs in the clay-slate whilst in its stata of mud. Dr. Zirkel has 
expressed this opinion in relation to the development of the “‘clay-slate needles ’’ of 
Devonian and Silurian clay slates. We can accept this theory in every respect as to the 
fonmatioa of tourmahne in the Huronian clay-slates from the iron region of Lake 
Superior. 

The opinion that metamorphism can take place in clay-slate, is by no means to be 
disregarded, T consider all crystalline schists to ba the results of a metamorphism, and 
from this arises th> opinion that three diferent stages had existed before a rock arrived 
at its pment state: Ist. The deposition on the bed of the ocean. 2d. The formation 
of crystalline elements during its state as mud. Sd. The metamorphism by which 
the rock enters into a crystalline state. The latter takes place by gradual transitions. 
These transitions may be seen by careful observation in that of micaceous clay-slate 
(phyllite) into nuca-schist. The same crystalline elements, such as tourmaline, hema- 
tite, etc., are present in most crystalline schists. 

Uther crystalline elem *nts app?ar in all clay-slates. Wecean now esp?cially mention 
the occurrenc? of hematite in clay. Its simple folia are blood-red in color, and some- 
times represents sharply defined hexagons (Spec. 161). The scales and folia are gener- 
ally roundsd, anloften willy spread over the whole rock (Spec. 814, from the Choco- 
late Marble quarry). 

Small colorless folia and scales of mica are more or less abundant in the different 
specimens. They are very irregular and often fringed. Sometimes they are aggre- 
gated in clu-ters, or form star-like aggregations. Some folia are often very similar to 
chlorite (Spee. 2257). 

Small cubes of pyrite occur now and then. Carbonate of lime is present in some 
apecimens in the form of minute colorless scales. Spec. 933 is crossed by many small 
veins of calcite, which are naturally of secondary origin. 

The appearance of crystalline quartz is remarkable, and by this peculiarity it is readily 
distinguishable from the fragmental quartz grains. In some parts fine ageregations of 
grains appear in polarized light. They show the same appearance as is characteristic 
of the quartz in the crystalline schists, where it forms the groundmass. I consider this 
state as the beginning of a change into a crystalline rock, and the more a clay-slate is 
of a crystalline nature, the more it shows the presence of such aggregations. This con- 
dition is comparable with the act of crystallization of a hyaline substance. There is as 
just a claim to establish the act of crystallization out of a porodine state. The presence 
of amorphous silicic acid, or of an amorphous silicate, has already been shown by Dr. 
Zirkel, and the same substance is present in the Huronian clay-slates. It is very possi- 
ble that this porodine substance has entered into a crystalline state, and in consequence 
of this, the before mentioned aggregations of quartz appeur. 

In Spec. 814 many small rod-like colorless crystals appear, which lie parallel to the 
slate planes. 

Distiact fragmental elements are sometimes yrecognizable. In Spec. 807 there appear 
fragmental grains of quartz, and also some which resemble feldspar very much. In 
Spec. 2147 fragmental grains of quartz are also present, ete. 
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Minute and irregular black dots of coal occur in more or less quantities in all speci- 
mens. If these dots represent a chief constituent, such a rock is called ‘‘ carbonaceous 
clay slate.” 

Brownish amorphous clusters of hydrated oxide of iron are irregularly distributed. 
Spec. 2237 is especially filled with such clusters. 

§ 172. We may finally mention the occurrence of ‘‘ phyllite ’’ (micaceous clay- 
slate). These rocks represent an intermediate state between clay-slate and mica-schist. 
Only two specimens could be examined. 

Spec. 692. Boulder, Ann Arbor, Mich. (Origin unknown.) 

Spec. 1526. Mich., T. 45 N., R. 41 W., Sec. 13, W. branch of Ontonagon R. 

These rocks also contain prisms of tourmaline. Small folia and scales of hematite, 
and folia of mica are especially abundant. Aggregations of quartz are frequent, but, 
however, @ clay-slate substance is recognizable. Spec. 632 contains, microscopically 
observed, staurolite of a yellow-color. Rounded grains of quartz appear in the sub- 
stance of the latter mineral, and this occurrence of quartz is an especial character of 
staurolite.! 

$173. b. Carbonaceas clay-slate. 


Spec. 1163. S.C. Smith mine, Michigan. 

Spec. 2134. Bed XIII, Wis., T. 39 N., R. 19 E., Sec. 11, 250 N., 730 W. 

Spec. 2169. Bed XVIII, Wis., T. 40 N., R. 18 E., Sec. 9, 809 N., 450 W. 

Spec. 3064. L'Anse Iron range, Mich., T. 49 N., R. 33 W., Sec. 9. 

In a thin section, a greater part of the rock appears to consist of carbonaceous mat- 
ter. Between the irregular black dots the clay-slate substance is recognizable. The 
coal either forms compact clusters, or is distributed in irregular small dots. Sometimes 
they are placed parallel to the schist-plane (Spec. 2134). The clay-slate substance 
seems generally to be perfectly isotropic, but by polarized light some crystalline irregu- 
lar grains of quartz appear (Specs. 2134, 2169). Some folia of a mica-like mineral 
occur. Sometimes irregular grains of a yellowish-green color are present (Spec. 2134), 
which very much resemble epidote. 

The presence of carbonaceous clay-slates among the Huronian rocks, seems to indi- 
cate the presence of much organic life at the period of their formation.® 


§ 174. c. Novaculite. 


Spec. 8013. Morgan Furnace Quarry, Marquette, Mich. 

The clay-slates which are rich in quartz, and in consequence are very hard, are 
called novaculite. A clay-slate substance is also recognizable in a thin section of this 
rock, and it is filled with a dust-like material and a little hydrated oxide of iron, but 
the whole rock shows a very crystalline structure and composition. The well known 
ageregations of irreguiar quartz grains are distinctly recognizable by polarized light. 
We observe many small, colorless scales of a foliaccous mineral, which is probably 
talc. They all run parallel to the schist plane. Prisms of tourmaline, generally broken 
into several pieces, occur here and there. This mineral also appears in the form of fine 
microlites. Hematite, in the form of small blood-red folia, is irregularly distributed 
throughout the whole rock. 

The presence of garnet is remarkable. This mineral occurs in small, irregular 
grains, which are quite distinguishable. By polarized light they can be recognized as 
perfectly isotropic bodies. Dr. Zirkel established the fact of the presence of numerous 
grains of garnet, which showed the composition of ‘‘spessartine’’ in a ‘‘ whetstone ”’ 
from Recht in the Ardennen. 


1 Zirkel, Mikroskop. Beschaffenheit, p. 201. 
?T. B. Brooks in American Journal of Science and Arts, Vol. XI, March, 1875. 


MICROSCOPICAL OBSERVATIONS, Ooo 


S105. 24. Sandstone. 

Sandstones represent an important division among the fragmental rocks. They consist 
chietly of fragments of quarta, which have been cemented by ditterent: substances, 
Many sandstones when examined by the naked eye are hke quartzite, but their fray- 
mental chanteter can be shown dist.nctly by the aid of the mieroscope, In quartzite, 
an interstitial substance cun never be present. ‘The greater part off the examined sp -e- 
ens have been called “ quartzite.” 

The cement which joins the fragmenta of quartz toyether, is sometimes varied in ats 
nature, Tt may be represented by carbonate of lime, by hydrated oxide of iron, or by a 
siheate of protoxide of iron, ete. . 


176. al The cement consists of carbonate of lime. 


Spee. 1621. South of Lake Hanbury, Menominee region. 

Spec. 2297. Mich, TL 380 N., Ro 20 W., See. 16, 1575 N., 30 W, 

Spee, 228. Mich., T. 39 N., R. 29 W., See. 16, HO N., tu W. 

These apecimens are all from the same bed. 

The quartz: grains are perceptible by a glance through the mieroscope, Their angular 
and rounded forms point to the fragrmental origin of their individuals, These fragments 
of quartz are partly tilled with numerous rows of fluid-enclosures, and partly contain 
delicate black needles. 

The cement which joins the fragments together, consists for the greater part of car- 
bonate of lime, which in most of them has the appearance of distinctly recognizible 
calcite. There are also present sharply d-fined rhombohedra, which surround the grains 
of quartz as irregular individuals, and which in many cases are twinned. Finaily car- 
bonate of lime forms small regular grains, which compose the greater part of the cement. 

The seales and rhombohedra of caleite show in polarized light the characteristic pale- 
blue color, while the lamelle of the twinned individuals sometimes show different bright 
colors, Spec. 2255 is rich in twinned individuals, 

In the before mentioned chalky cement, numerous small black particles, irregularly 
distributed, are to be observed. They are mostly aggregated in small clusters, but also 
occur singly. This mineral is not soluble in hydrochloric acid, and therefore cannot be 
magnetite. If small pieces of the rock are melted by the aid of the blow-pipe these 
black particles disappear, and they are therefore probably carbonaceous. 

These sandstones are sometimes crossed by small veins of quartz. They consist of 
ageregations of small grains, and sometimes also contain scales of calcite and minute 


coal dots. ; 
$177. b. The cement consists of hydrated oxide of tron. 


Spee. 2259, Mich., T. 39 N., R. 29 W., See. 16, 1300 N., 30 W. 

This specimen is richer in quartz than the before mentioned; the cement being in a 
less quantity. 

The fragments of quartz here contained consist of rounded and angular grains. They 
are partly filled with numerous small fluid enclosures, often dust-like in app2arance 
under low power, and partly contain numerous small bristle-like microlites, 

The e-moent which joins the fragments of quartz, seems to cons'st chiefly, in this 
case, of hydrated oxide of iron. It represents a dirty-brown, amorphous substance, in 
which numerous small black coal dots are imbedded. 

This rock falls to pieces, when boile:] in hydrochloric acid, and forms a sand consist- 
ing of grains of quartz, whilst the hydrated oxide of iron dissolves in the acid. 

This sandstone is sometimes also crossed by small veins of quartz, which show under 
the microscope the same appearance as those mentioned in § 176, 

It appears as if metamorphic action had taken place in this rock. Probably the 
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cement consisted formerly of carbonate of lime, for we still recognize sharply defined 
rhombohedra, which now consist of hydrated oxide of iron. There can be no doubt, 
that these rhombohedra formerly represented crystals of calcite. 


§ 178. c. The cement consists of a silicate of protoxide of tron. 


Spec. 1447. Mich., T. 47 N., R. 46 W., Sec. 12, S. half. 

The chief constituent of this rock is quartz, which appears in the form of angular 
grains, partly filled with numerous fluid enclosures, microlites, ete. 

Besides this, feldspar occurs, also present in the form of irregular grains. It is 
remarkable that the individuals of this mineral are very fresh and unaltered. Ortho- 
clase appears with bright colors in polarized light, and plagioclase shows its beautiful 
and characteristic twin-lamellation. 

Some grains of magnetite are recognizable. 

The cement which joins the before mentioned constituents of this rock together is 
homogeneous in appearance. It is of a green color, and perfectly isotropic, as may be 
seen in polarized light. In consequence of the greenish color and of its homogeneous 
nature, I consider it to be a silicate of protoxide of iron. On finishing the microscopical 
examination of this rock, I had no material left from which to determine its chemical 
composition. Throughout the cement, black, irregular dots of coal are irregularly dis- 
tributed. Some minute scales of carbonate of lime occasionally appear. 


$179. d. The cement consists of an opaline substance or an amorphous silicate. 


Spec. 242. Mich., 1.47 N., R. 26 W., Sec. 3, S. W. qr. of N. E. qr. 

The angular and rounded grains of quartz contain numerous fluid-enclosures, Some 
individuals of orthoclase are present, which are sometimes twinned according to the 
Carlsbad-law. 

The cement is colorless in its substance and an:arphous. It is uncertain whether it 
consists of an opaline substance or represents an amorphous silicate. 

Numerous folia and scales of a mica-like or chloritic mineral are imbedded in this 
cement. Irregular clusters of hydrated oxide of iron occur. Small, black particles 
are distributed through the whole rock, which are carbonaceous. 


§ 180. 25. Chert-breccia. 
(Hornstone Breccia.) 


Spec. 1487. Sunday Lake outlet, Mich., T. 47 N., R. 45 W., Sec. 18, W. side. 

Chert is always composed of a crystalline aggregation of small quartz-grains, as may 
be seen in polarized light. 

This rock consists of irregular, angular fragments of greenish-gray chert. They ap- 
p2ar colorless in a thin section, but, microscopically observed, the fragments are fur- 
n:shed with many enclosures. Sharply defined rhombohedra are especially present in 
great numbers. These crystals possess a rough surfac2, and belong probably to calcite. 
They often contain a dust-like substance. The individuals are sometimes aggregated 
in clusters, which then represent star-like aggregations. The outlines of the fragments 
of hornstone are also surrounded by calcite, and the ends of these reach into the before 
named fragments. 

Fluid enclosures are abundant in some grains. Small, nearly colorless needles and 
scales occur everywhere, and green folia of chlorite are not unfrequent. 

The substance which cements the fragments of chert seems also to be a siliceous 
one. It becomes transparent in some parts of a thin section only, and here we recog- 
nize it as consisting of quartz, which is filled with numerous particles, and irregular 
grains of calcite. Besides this a dust-like substance is present, in consequence of which 
the cement is not pellucid. Some irregular folia of chlorite occur, and also a black 
opaque substance. 
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APPENDIX A. 


Letters axp Notes or Dr. T. Srrany Hest on the tron-bearing and associated 
rocks of the Marquette region, and comparisons with the Archean of Canada and of 
the Eustern United States." 


Extracts of a letter to Prof. Alex. Winchell, dated Montreal, Nov. 26, 1869, with 
rgant to certun Huronian greenstone rocks from Northern Michigan, sent the anthor 
for examination: ‘ My own observations on the Huronian of Canada date back fifteen 
or twenty years, and were made on specimens collected by Mr. Murray in his surveys. 
I have, however, since studied with much care the similar rocks formed in the Lauren- 
tian [Nonan, then included as Upper Laurentian] and the (so-called) altered Paleozoic 
areas of astern Canada and elsewhere, In no case does the impossibility of giving 
distinct names to mixed crystalline rocks present itself more forcibly than with the 
present class, They are, for the most part, mixtures of an anorthic feldspar with an 
amplubolitic mineral, generally pyroxene or hornblende, but by the disappearance of 
the feldspar, passing into pyroxenite or amphibolite; while, on the other hand, the feld- 
spar sometimes constitutes ninety-five per cent. of the mass, and we have something 
near to a normal anorthosite mck. Again, the feldspar ranges from anorthite to 
oligoclase, and even to albite, while the amphibolic element may be either pyroxene or 
hornblende, or in some cases a mixture of the two. In many instances this exhibits a 
sort of degeneration, indicated by a less degree of bardness, and passes into more or 
less hydrated and aluiminous mixtures, related to chlorite or delessite in composition, 
and this, in some cases, while still retaining the form of hornblende or diallage. Add 
to this the great variations in texture, from coarse, apparently granitoid mixtures, to fine 
impalpable aggregates like some greenstones, whose constituent minerals can only be 
determined by ultimate analysis. Fortunately, these various rocks so pass into each 
other that their minute d-finition is of no great conseqnence. For these mixed, partly 
feldspathic rocks, we have but three or four definite names, dolerite and diabase for 
pyroxenic, and diorite for hornblendic felsites (anortholites)."" To this follow descrip- 
tions of varions specimens, designated as diorites of various characters, chloritic schists, 
and chloritic diorites, sometimes amygdaloidal. Reference is also made in the letter to 
the Geology of Canala, published in 1-63. Chapter XX. See pages 602-612. 

The general results of these examinations and of those of subseqnent collections, are 
set forth in a subsequent letter of Dr. Hunt to Major Brooks, dated Montreal, Feb. 22, 
Beat win Bas sul yolne’s MontTreat, Feb. 22, 1871. 

My Dear Sin:— Various circumstances have combined to make me delay so long 
any reply to your letters of Nov. 29 and Dec. 6. I find you are waiting my conclusions, 
some of which are very interesting and important. Yeu remark about the mica-schists 
as being supposed by me wanting in the Huronian of Canada, and you send me Nos. 
1215, 1154, 1152, 1153. Now I have for some time past recogniz2d a mica-schist serics 
which I supposed to overlie the Huronian, in fact the White Mountain series, provision- 
ally named by me Terranovan [and since called Montalban]. Sec Am. Jour. July, 1870. 


a 
1They sbould have appeared in my Mich. Geol. Report. Vol. JT, 1873. The specimens referred to 


by Dr. Hunt are in my collection now deposited in thea Amer. Museum of Natural History, New 


York. —T. B.R 
Vou. IT.— 42 
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I was therefore delighted to find in the specimens just named well-characterized White 
Mountain mica-schists, holding garnets and well defined crystals of staurolite [1153]; 
while the peculiarly knotted mica-schist is not less characieristic.! ‘These rocks are 
abundantly spread to the north of Lake Superior, as last years collections show me; but 
although I have not there been able to fix their relation to the Huronian diorites, tal- 
cose schists, iron ores, ete., I conclude, from the facts seen near Portland in Maine, and 
those described by Rogers in Penn., that they are overlying rocks and in some cases at 
least unconformably so. You say that ‘‘ they are the youngest rocks in the region be- 
longing to the Huronian.”’* I suspect that they belong to the same series. I distin- 
guish three crystalline gneissic series: J. Laurentian (not to speak for the present of the 
Labrador), II. Huronian, IIT. Terranovan [Montalban]; these being respectively in 
the United States, the rocks of the Adirondacks, the Green Mountains and the White 
Mountains. I hope you will be able to decide whether there is any want of conformity 
between II and JIL in your region. I should mention that in Hastings Co., Ontario, 
the three series all are represented, and that there is apparently a stratigraphical break 
between each. 

The collections sent last year from Smith [sinca called Republic] Mt. and vicinity, are 
also members of what I regard as the III series, and quite unlike the Huronian type 
If. I have laid out before me 580, 584, 585, 586, 588, 590, 593, 597, 599, 601, 603, 604, 
605, 606, 698, 615, 616, 620, 621, 626, 627, 622, 629, 634, 635, 636. 638, all of which I 
conceive belong to IIT. The dark Hicacechists 580, 593, 599 (with garnets), 696, do., 
the mixed hornblende (actinolite), with mica and garnet, 620, and the peculiar mica- 
schists, 635, 636, 638, are noticeable. Many of these rocks are very quartzose, as 599, 
604. Feldspar is occasionally developed, giving @ gneiss, which is seen in 619, and 
better in 628, in which the white cleavable orthoclase is developed so as to form a 
porphyritic gneiss. I find also a small specimen, 1174, which has the characters of 
the series III, and I shall be pleased to hear something of its stratigraphical relations,’ 
as well as that of the numbers 580 to 638. It will be most important to know their 
relations to the ordinany Huronian type of rocks, II, and to learn whether, like 1215, 
1151-1154, they belong to the summit of your series of crystalline schists. 

As regards series II, which was in 1862 declared by Macfarlane to be the same with 
the Green Mt. group, I have for some time been of that opinion, and have briefly 
expressed it in a paper on the rocks of E. Mass., read last October to the Bost. Nat. 
Hist. Soc. (not yet published), which compares the dioritic, chloritic and hornblendic 
rocks of the two series. Their copper, nickel and iron ores are characters in common. 
My opportunities for studying the Huronian had been very imperfect, as Mr. Murray's 
collections were so, and were made many years ago, and since remain, with few excep- 
lions, packed away. It was not therefore till I saw the Huronian rocks displayed 
along the coast of New Brunswick, that I realized how much they were like the Green 
Mt. rocks, all of the types of which may be found on the Bay of Fundy from Eastport 


1 Just as this manuscript was leaving my hands, I was enabled, through the kindneas of Prof. C. 

If. Hitchcock, toexamine hastily his suite of New Hampshire rocks in the Amer, Mus. of Nat. Hist., 
N.Y. Certain Paleozoic crystalline rocks embraced by him under the name Cogs group, seenied 
vo both of us to have more lithological resemblance to my mica-schists (bed XIX) than to the older 
Montalban rocks. Tho presence of the two collections of N. H. and Mich. rocks in the same 
building cnable the comparison to be very satisfactorily mave.—T. B. B. 

37 In the Menominee and probably Marquette regions,a younger, heavy and apparently conforma- 
ble granitic bed has been made out, which gives off dykes into the underlying schists.—T. B. B. 

3‘They are unquestionably conformable over a wide arca.— T. B. B. 

4All these specimens are Huronian except, perhaps, Nos. 6), 616, 623, and belong to the middle 
and lower divisions, and are mostly banded ferruginous schists, grecnstones, mica schists and 
quartzites. —T. B. B. 

6 From bed X, Middle Huronian.—T. B. B. 
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to the heul of the bay. The same rocks are equally well seen in Hastings Co., 49 
miles from [. Ontario. 

Your Michigan slates, 1046, 10°L, and LOST, 1176, 1164, greenish, unctuous, tale-like 
In feeling, are gust like those which are with our iron ores in’ the Green Mountain 
chain, Aywin, the dionte rocks, 404, 508, 69, the latter with epidote and calcite in the 
Raine, are very typical varieties; OOS ia a very magnesian dionte, as f found by a par- 
tuull analysiy, and the film in the joints of the rock owes its fine, nich green to chromium, 
Which seems to be a common ACCOMP uniinent af the Thienesdan rocks of this group. I 
bhould expect the serpentine of Presqu’ isle tobe chromuferous.! ‘The diorites along the 
bhore of the Bay of Fundy are assocuted with chronuferous serpontines; 1214 ia a 
greenish micaceous schist with garnets, and 20 an obscure rock of the same kind; 1097 
i asecaly chlorite with garnets. Itas, however, ditheult, if not impossible, to define 
keparitely the various types of these rocks, and one can do little more than name, as 
lithologeasts have generally done, the few well marked and characteristic forms, leaving 
the great mass in a sort of chaos. ‘The yeneral character of the great groups among 
the crystalline rocks are, however, well defined. Among your rocks is an argillite with 
the limestone, a red lish, unctuous rock, which [P recognize as not unfrequent in the 
same position with usin Canada, and also in Rhode Dstiund. 

There are four other arpillites, 1202, 2o8, 264, 058, all showing a distinct cleavage, 
Independent of the bedding. IT should like to know their history and their geological 
puace.? As regards the placing of the subordinate divisions of this series UH, I think we 
are not yet in possession of facts enoush to subdivide the series. T hope your report 
will give us much information on the suljeet. [forgot to mention the plumbaginous 
schists, 644 and another, very soft and bluish, 1163. We have such in our Green 
mountains, but Ido not feel sure of their place. Plumbaginous mica-schists also occur 
in HL, in New Hampshire. 

You ask about several specimens, viz.: 1110, which seems a fine-grained compact 
dolerite; 416, a distinctly granular diorite; 417, a fine-grained green diorite, looks more 
Like a bedded rock than a dyke; 418, coarsely crystalline diorite; 419, like 417.4 

T have thus, | think, touched on the principal points of interest in your collection, of 
Which the two great facts are the close resemblance, and [ believe the identity, of the 
great tron-bearing dioritic-tulcose® series, with Green Mt. series I], and the equally 
close resemblance of the rocks, 1215, 1151 to 1154, withthe White Mt. series ITT, which 
lconceive to belong to a higher horizon (see on this point a note to my paper on 
granitic rocks, Zd part, Amer. Jour. Scj. for March). DT really hope that T have not de- 
layed too long to be of use to you; | tear so when I read your note of Feb. 11. 

A word about felsites. Ihave a large specimen of conglomerate, with native copper 
in the paste, from the Albany and Boston Mining Co.'s property, bronght me by Macfar- 
lane, who has briefly described it in the Geol. Rep., Canada, 1%66, p. 156. The por- 
phyry boulders and pebbles of which he there sp-aks, are fine examples of the felsite of 
which I wrote you, better named evrite or petrosilex, and passing into quartziferous 
porphyry. See my paper in Amer, Jour. Sci, Feb., INTL, p. 84.8 5, for a notice of these 
rock3. Now, what is the source of these boulders? TI suspect it will be found to be in 
the lower part of the Huronian system, for it has the typical character of the Huronian 
eurites, as seen all along the E. coast of New England, from Rhode Island to New- 


MIt is not certain that this is of HWuronian age. Serpentine is rare in this scries, and is appar- 
ently an altercd greenstone —T. B. B. 

2 Middle and Lower Huronian, associated with quartzites or limestones. — T. B. B. 

2Carbonaccous slates, sometimes graphitic, are very abundant in the lower part of the Upper 


Huaronian, fa the Menominee region. — T. B, B. 
4These specimens are all from well-defined dykes, which are rare in the Huronian. —T. B. B. 


® Dr. Hunt, I suppose, includes here the unctuous-fecling schists which are now being called 
hydro-micaccous. — T. B. B. 
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foundland, and also north of Lake Ontario. Do you know any such rock tm situ ?' and 
have you perhaps deemed it eruptive? Many thanks for the note about the iron ore, as 
as to the origin of the hydrous ore by hydration of hematite. I do not feel disposed to 
adinit it, for we have no proof that hematite ever becomes hydrated, but clear proof 
that hydrous and anhydrous oxides may be successively deposited. Thus we have 
hydrous, anhydrous and half-hydrated oxides often associated, and in such ways as to 
show that they represent different stages in the process of deposition. Small variation 
in temperature may affect the change (Dana's Min., 5th ed., p. 168.) 

Hoping soon to hear from you and to learn that these notes are in time, I remain, 


with best regards to Prof. Winchell and yourself, 
Very faithfully yours, 


To Major T. B. Brooks. T. STERRY Hent. 


PuILADELPHOIA, PENN., May 20, 1878. 


Dear Mason Brooks: * * * The announcements made in my letter to you 
identifying the formations XIX and XX (the micaceous schists, with hornblendic and 
staurolitic schists and the white feldspathic gneisses) with the Montalban, which I at 
that time (1871) ventured to declare to belong to a newer and distinct series from the 
I{uronian, were, as you know, an anticipation of some years of the published conclusions 
of yours that they are the youngest Huronian rocks, a strong confirmation of the great 
value of the distinctions, which in my letter to you of Feb. 22, 1871, were presented for 
the first time. All my subsequent work in Pennsylvania (Proc. Amer. Assoc., 1876) 
and in North Carolina, as well as Fontane’s work in Virginia, have confirmed this. 

I count this a great point gained in American stratigraphy — the recognition of the 
newer gneissic scries above the Huronian, to which I have given the name of Montalban. 
(The Terranoran suggested in 1870, was made up of Afontalban and Taconian, as I have 
since shown.) Another point: In 1873, after I had discussed the matter with you in 
Marquette in August, 1872, I became satisfied that, in opposition to your view, th? 
copper rocks were unconformable to the Huronian, and in February, 1873, called them 
a distinct group, the Aereenate group (Trans. Amer. Inst. Min., Eng., Vol. [, pp. 359, 
o41). Jt was in March, 1875, two years later, that you announced the same conclus on 
and called them Ae:reenaician, to which I replicd by recalling my previous statement 
and suggesting the more euphonious Heeeenian (see Harper’s Annual Record, 1876, 
XCV). Keweena and Ae:ceenaicon were written by early voyagers, and the syllable 
azo is the broad a of the Canadians; so Aeweena gives, I think, Keweenian? * * 

Very truly yours, 
T. SteErry Hunt. 


1 Prof. Irving describes heavy beds of Huronian quartz-porphyries, associated with quartzites, 
in central Wisconsin. <A porphyrite occurs atthe Pemince falls, south of the Menomince region, 
belonging probably to the upper Huronian, and it is exceedingly probable that the porphyrics de- 
scribed in Owen's report, on the Minnesota shore of Lake Superior, are of Huronian age. I think 
it may be confidently asserted that no porphyry occurs in the Marquette and Bad R. Huronian, 
which join the copper serics south of L. Superior. Isit not probable thatthe material of the por- 
phyries and conglomerates of the Keeweenaw series, came from the N. W.°— T. B. B. 

aMy paper, Am. Jour. Sci., March, 1875, was written in Dresden, where I had not access to the 
literature pertaining to these rocks, and was not then aware that Dr. Hunt had suggested the name 
which I apptied to the copper-bearing series, which from my own personal observations I believed 
I had proved to be non-conformably interposed between the Huronian and Silurian of the Lake 
Supcrior basin. — T. B. B. 
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APPENDIX B. 
AKRETCH OF THE LAURENTIAN ROCKS OF MICITIGAN, 


The followity, prepared four years since, chiefly for the information of explorers and 
minend prspeetor, would not appear here save that there still seems to be a great 
lack of information regarding thas important «v-tem south of Lake Superior. tis a 
promising field for the stratygraphor and btholoygst. 

Mica gneiss lus very abundant rock throughout the Laurentian area, contains 
ustally as essential ingredhents: grayish white and reddish orthoclase feld«par, grayish 
white to smoky quartz, and usually dark, but sometimes silvery, colored mica; chlorite 
is often present, pyrites very common, and epidote race. 

In texture it varies from fine-grained through a coarse vanecty, in which there is less 
mica, to @& granitic-gneiss, Often porphyritic, with large crystals of feldspar, where the 
only indication of bedding is a general parailelisin in the rectangular facets of the feld- 
oparcrystal4, Thuis variety is very abundant southeast of Michiyamme lake! 

Frequently the mica, Wich is seldom abundant, is replaced by, or seems to pass into, 
chlorite, foraing a well characterized and very abundant chloritic gneiss, which 
often contains garnets. By the disappearance of the feldspar and quartz, a chloritie 
achist is produced, which in the Lake Gogebie region (if its age was properly made 
out) is very abundant. 

In the sime manner, but rarely, a taley gneiss related to protogine is produced. 

Hornblendic gueiss, Almost equally abundant is the hornblendic variety, in which 
a greenish black, sparkling hornblende, wholly or in part, replaces the mica. It is 
often fine-grained and schistose, and not unfrequently banded. This rock seems char- 
acterized by the tendency of its hornblende to become altered into a chloritic mineral, 
sometimes without lo-ing its form. By this process it is believed that many of the 
numerous beds of chloritie gneiss have their origin. 

An interesting banded ep:dotic variety occurs near Lake Gog-bic, and has been fully 
descnbed by Mr. Julien.’ 

Hornblende schist. By the prevalence of hornblende in hornblendic-gneiss, orig- 
inates a true hornblende schist. In certain fine-grained varieties which occur south of 
Felch Mt., the hornblende has much the appearance of black mica. A varicty contain- 
ing chlonte occurs northwest of Michigamme lake. 

The rock is rare in the Gogebie district, and most abundant in the Menominee region, 
where an interesting variety, in which the hornblende was distributed in long, parallel, 
black prisms, with white quartz and little feldspar, is abundant in the north part of 
T. 41, R. 29, Mich. These prisms are often fine and needle-like, lying parallel with the 
schistose planes. A slaty structure is sometimes approached and the rock is often 
banded, It usually contains but little quartz or feldspar. However, a variety in which 
the feldspar considerably prepond rates —a hornblende-feldspar rock —has been ob- 
served. 


—__——_—_—— ees 
11f we suppore the mica to disappear from a fine graincd varicty of gneiss, a grannlite rock 


would reanlt, and if n this variety the quartz greatly predominates, a quartzite would be produced. 
This is believed to be the case in the few Instances in waich thin beds of these or related rocks 
occur, hence they will not be considered as distinct kinds. 

TA schist believed to be Laurentian, with highly contorted lamin:ze and rich in small rose-colored 
garnets, was observed on the southeast side of the Republic Mountain in the Marquette Tegion. 

4 Mich. Geol Report, 1873, Wol. I, p. 137 [1351], 
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The schist is occasionally very fine-grained, and again a coarse and almost massive 
syenite or hornblende rock; the latter variety containing, in some instances, magnetite. 
Specks of iron pyrites are not infrequent. 

The fact that hornblende schist is often one of the most conspicuous, although not 
most abundant, rocks in the Laurentian, is owing to the strong contrast of color its 
dark strata presents when bedded in the light-colored gneiss and granite. 

Chloritic gneiss. The tendency of the hornblendic variety to pass through altera- 
tion of the amphibole into this perhaps most abundant and wide-spread variety of 
gneiss, has been noticed. The greenish-black or brown, soft, foliaceous mineral, charac- 
teristic of this rock, has often such an intermediate character between chlorite and mica 
as renders its determination difficult. Epidote is more common in this variety than in 
either of the others, and in it minute veins of calcite are sometimes found. 

Chloritic gneiss in several varieties, white-banded, reddish, partially decomposed, is 
very abundant near the head of Lake (rogebic, south and southeast of L’Anse, at the 
mouth of Dead river, and in the Menominee region. 

A variety of chloritic gneiss, containing an appreciable amount of scricite or talc, 
oecurs on Sec, 16, T. 49 N., R. 33 W., Michigan, and many varieties have the unc- 
tuous feeling which suggests the possibility of small quantities of this mineral. 

Granite. This abundant rock has already been mentioned as that extreme massive 
variety of gneiss in which all interior evidenc? of bedding is obliterated by metamorphic 
action, I assume it to be an altered sedimentary rock — as it apparently must be from 
its structural relations with the other beds, the granite dykes and certain great irregu- 
lar red massges, not being included. It is usually a coarse aggregate of orthozlase feld- 
spar, of alight gray to flesh-red color, and darker on fresh fracture, with a less amount of 
grayish-white quartz, and still less mica. The latter mineral is often entirely absent 
when a variety of pegmatite and coarse graphic granite, common south of the Mar- 
quette region, is produced. 

The decided feldspathic varicties suggest the abundant anorthosite roek of Canada, 
except in the variety of the feldspar. 

Among the varieties a red massive granite,’ which may possibly produce building 
material, occurs in several places in the Menominee region. A fine-grained, white 
variety, holding but little mica, which has the app2aranc2 of altered hornblende, is less 
common. One of the most interesting varieties is that in which large crystals of feld- 
spar, arranged with the axes rudely parallel, give the rock the character of a porphyritic 
granite gneiss, forming the transition varieties between the two kinds of structure. 

Seggregations of foliaceous chlorite occur in certain granites of the Menominee region, 
and a well characterized chloritic granite, which we may suppose to have been derived 
from syenite by the alteration of hornblende, passes into chloritic gneiss. 
‘Hornblendic granite (syemite?). A gneiss in which the mica is replaced wholly, or 
to a great extent, by hornblende, has been described. If we suppose this to take on 
the granitoid character, as do the other varieties of gneiss, a syenitic rock would be the 
result. 

This rock has only been observed at a few points in the Marquette region, where an 
interesting variety contained but little black hornblende. 

Dr. Credner (in Zeitschrift der Deutschen Geologischen Gesellschaft, XX1I Band, 1869) 
has well expressed the transitions and alterations of the characteristic Laurentian rocks 
thus: ‘‘The uniformity of this rock series of mica, hornblende and chloritic gneisses, 
repeating itself in every one of the many gneiss-granite districts, which by the preva- 
lence of the minerals which produce the schistose structure passes into mica, hornblende 
and chloritic schist on the one hand, and by the disappearance of the parallel structure, 
the same gneisses graduate into granite, syenite and chloritic granite on the other hand.’ 


1 Prof. Pumpelly believes this is eruptive. 
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The superposition of the various rock beds of the Laurentian over any considerable 
aren iwousually obscum, owing to the numerous and complicated) folds, and the prevail- 
ing general uniformity in the litholoyseal character of the rocks. 

Their order may, however, be in) part made out in localities like the north part of 
T. 41, R229, Moch., where there as a prevailing east-west atuke, and where tolerably 
well characterized dark-colored homblendic strata are associated with light-colored 
miuasses of gramte, and several vareties of gneisses. The absence of the easily to be 
recognized beds of lin -stone whieh characterize the Laurentian series of Conada, ren- 
ders the stratigrapher'’s task, there dicult, here far more go, 

Cutting the Laurentian rocks in’ all directions are dyke-hke masses of granite and 
greenstone, The granite dyes are often narrow, sometimes irregular in direction, and 
generally coarser-grained and more micaceous than that of the granitic masses penetrated, 
They sometimes cut the greenstone dy kes, indicating less age. Inca few instances, and 
only in the Menominee revions, have small granite dykes yet been seen to penetrate 
Huronian rocks, and well detined greenstone (dolerite) dykes are nearly as rare in this 
bystein, 

The greenstone dv kea of Liurentian ag? are far thicker, more regular and persistent 
thn those of granite, and vary in composition from a black-green, fine-grained, heavy, 
crystalline rock, resembling some of the Huronian bedded diorites, to a variety resem- 
bing hornblendie rock. Near the Republic mountain are several dykes of this class 
running northeast and southwest, and others nearly north and south. In other places 
in the Marquette region, an east and west system has been observed. Foster and 
Wiutney’s Report on Lake Superior, Part TH, page 38, notes cutting the granite of 
one of the Huron islands, six powerful parallel straight dykes of greenstone within a 
distance of forty rods, one of wlich was ninety feet in thickness. In one instance a 
dyke-like mass of hornblendie rock showed a schistose structure parallel with its wails. 

May not the ervsion of these dykes, and the overflows which possibly accompanied 
them, have afforded much of the material forming the greenstones and related schists 
of the Huronian? May not considerable magnetite have come from the same source ? 

In some instances, more recent fissures (veins) have been observed cutting these dykes, 
but no lode promising to bear veluable ores has yet been developed in our Laurentian. 

Dr. H. Credner, in the paper above named, p. 516, describes as Laurentian certain 
limestones and dolom:tic marbles, conglomerates, calcareous chloritic schists, and spotted 
arenaceous chloritic schists, as well as a tale gneiss (protogine), which appear to me to 
belong to the Huronian series, both on stratigraphical and lithological grounds; hence 
are not embraced in this sketch. 


'Pampelly and Credner studied this locality, the results boing given In Credner‘'s paper already 
mentioned. 
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THE MENOMINEE IRON REGION 


(ECONOMIC RESOURCES, LITHOLOGY, AND WESTERLY EXTENSION.) 


BY CHARLES E. WRIGHT. 


Pror. T. C. CoamBER in, 
State Geologist. 


Sir: — Herewith I submit to you my report and map ‘of the Me- 
nominee region. 

The first field work in this district, under the auspices of the Wis- 
eonsin Geological Survey, was done by Major T. B. Brooks and myself, 
as assistant, in 1874. In 1876, this work, as you well know, was con- 
tinued, with considerable reluctance, by myself, but owing to an 
unfortunate sunstroke, received on the Pine river, I was only enabled 
to give one monthi’s ficld work to this region, which work consisted of 
a reconnoissance of the Drulé and Pine rivers; also a trip by assistant, 
I. I. Brotherton, Esq., south from the Upper Quinnesec falls to the 
Peshtigo river. 

In 1877, I devoted another month’s field work in examining the 
country westerly frém the north and south centre line of range 17 of 
towns 39, 40 and 41, Wisconsin. 

Chapter I of the following report contains a full description of the 
Menominee iron mines and explorations, with several analyses of the 
ores. In Chapter II are described the specimens collected by Major 
T. B. Brooks and myself from this district, in 1874. In Chapter III 
will be found the geological results of the two months’ field work 
already alluded to. 

To my field assistants, Messrs. F. II. and W. F. Brotherton, must 
I express my sincere thanks for the faithful manner in which they 
performed their work; to my friend, Major T. B. Brooks, for many 
valuable suggestions; to Messrs. Mathews and Longyear and to the 
Chicago and Northwestern Railway Company, for important topo- 
graphical notes; to J. J. Hagerman, Esq., for analyses of iron ores; 
and to many others without whose assistance this report would have 
been far more incomplete than it now is. 

Very respectfully yours, 


CHARLES E. WRIGHT. 
ManqQuETTE, Micn., September 12, 1879. 


THE MENOMINEE IRON REGION, 


CHAPTER I, 
MENOMINEE IRON RANGE. 


ECONOMIC, 


This district now embraces the northern portion of Marathon 
county. of this state, and in Michigan the country immediately north 
of the Menominee river. Tf the rapid pregress which has been made 
Within the past vear continues, the present limits of this new iron 
district will very soon reach far up the Brule river. 

It is more than probable that the valuable iron ore beds of this 
range, now so extensively and profitably wrought on the Michigan 
side of the Menominee river, extend westward into Wisconsin. We 
will, therefore, consider first in detail the recent developments on the 
north side of the river, that we may better realize the value and im- 
portance of the undeveloped iron ore deposits of the Menominee 
ranve located within Wisconsin. 

The existence of iron ore in the Menominee district on either side 
of the river has been known for more than thirty years, and extensive 
explorations have been prosecuted at intervals since 1867. During 
the winter of IS73 and ’74 the first shipment of iron ore from the 
range, about fifty tons, was made from the Quinnesee mine and taken 
to the Menominee furnace, where it was smelted with very satisfactory 
results, but it was not until 1877 that a branch railroad, from the 
Chieagzo and Northwestern Railway, enabled this and other mines to 
ship regularly to market; to-day, however, this railway company with 
their usual promptness are doing all that can reasonably be expected 
of them to promote the interests of this new mining district. 

The most easterly of the Menominee range mines are the Emmett 
and Breen. Explorations were made at this point as early as 1870, 
which gave promise of good ore in paying quantities. The first ship- 
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ments of ore were made from the Breen mine in 1877, amounting in 
that year to 5,812 gross tons, the Emmett not shipping any ore until 
the next season. These mines adjoin each other, and are located on 
the north side of a swamp and along the south side of a low ridge or 
plateau. The gencral trend or strike of the formation is about east 
and west and the dip is 60° to the south; the ore stratum, therefore, 
dips under the swamp. 

The ore of the Emmett mine consists of two varicties, the one a soft 
specular blue ore! and the other a brown hematite. Analyses of these 
ores made by myself afforded the following results: 


Omid Of. 1n0n wen sin canes ae ees Sass eens 93.850 81.570 83.860 
AMNMIMAva sated eeu de veae ner wee ta heen ee S120  -Faseee ~osteere 
DMG pieced nc tuneleuete eevee te area weds e7 3-150 2.700 
MASHOSiacccsoive tec eieeereranieaveuae ues: Beene 1.800 1.600 
NManrantstcéieiiataec tein ewtnw wer ete vata SG00  Aeadee. veetge a. 
SU ONE 16eeedus ss eaeeweoubeee deed Stostes -090 056 020 
Phosphoric. ntid sass accvesocdies eoeneeete-ees -110 295 -100 
DION aloes atin aaeda en cennhe teu sadeed desea 1.400 5-990 6.760 
Carb: acid, Water ClO sid ad-o5 seach wands acaas 2.360 7.909 4.960 
Metalli¢ iron.<co8e.2 000 $eeed cess ean etacees 65.700 60.350 58.700 
PhOSpHOCUs: a'sceaseusslcsemsen wesc wea eeud sede 047 129 044 
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Nos. 1 and 8 are respectively the soft specular ores of the Emmett 
and Breen mines,and No. 2 the soft brown ore from the Emmett mine. 

A singular feature in connection with the two kinds of ore at the 
Emmett mine, is that the blue ore overlies the brown ore, and is there- 
fore, apparently, more exposed to the swamp water than the brown 
ore, though the brown ore contains more phosphorus and is a com- 
pletely hydrated peroxide. The two ores are in direct contact. The 
brown ore, at one point in the mine, had a thickness, measured at 
right angles to its bedding, of 50 feet, and the blue ore of 20 feet. 

These soft specular blue ores of the Menominee range are very de- 
ceptive in their appearances to one not familiar with them. They are 
light compared with the hard specular ores, and many of them, aftera 
short exposure, become coated with a thin grayish film; exactly what 
this is I never have determined. It is no doubt a soluble mineral 
substance contained in the hydroscopic water, which is deposited by 
evaporation at the surface. At first I supposed it to be carbonate of 
lime, but it does not effervesce with acid. It is probably some solu- 
ble silicate. 


1This ore is really a soft specular variety, as it consists of an aggregation of minute 
crystals or particles of specular ore, and in this respect differs from the so-called soft 
hematites, which are chiefly an amorphous mass of red and yellow oxides of iron. 
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The Breen mine also presents some interesting points. One in 
mind occurred in the opening of one of the pits. After removing 
some three feet of earth there was exposed a veinof soft specular blue 
ore, twenty feet or more in width, It was plainly bedded) and had a 
slaty structure. [ts strike of nearly east and west, and dip of 60° to 
the sonth, exactly coincided with that of the formation as exposed in 
the other openinys; bat after mining down only a few feet, they 
nuexpeetedly came upon horizontally bedded sandstone, The ends of 
the slaty ore were angular and well joined to the sandstone below. 
Por a moment it appeared almost unaccountable, for here was an 
older rock, apparently ino place, overlying a younger one, without a 
chance of explaining it by an overturned dip. 

A large pieee of slaty ore, near by, imbedded in the sandstone, 
having a reverse dip to this larger mass, furnished, to my mind, the 
probable key to the phenomenon. It would seem that during the 
deposition of the sandstone these ferrnginous schists and other mem. 
bers of this series, dipping to the south, formed an abrupt cliff with 
the waters of the Silurian sea beating against which, in time, under. 
minced a portion of the faga, thereby causing a slide and breaking off 
of the projecting mass+s. In this manner, some of the sliding por- 
tions, with their lower ends buried in the sands, would appear un- 
disturbed. 

During the past winter and spring considerable excitement was 
gotten up over the reported discovery of gold and silver, associated 
with the iron ore of the Emmett mine. Several assays were made, 
some, it is said, with fair results. Gold seekers and adventurers 
flocked in from different parts of the country. The officers of the 
Emmett mine, at that time, ordered their agzents in Cleveland to dis- 
continue the sales of their ore; but after a brief period the iron rod 
avain resumed its sway and the golden sceptre was laid aside. 

On the same range, six miles to the west of Wanucedah, is the Vul- 
ean mine. The mining operations here are more extensive than at 
the Breen or Emmett mines. The old workings are located near the 
west quarter post of See. 10, T. 39, Ik. 29, Mich., and are on the 
south ede of abroad ridge 
which admits of good 
drainage. The ore occurs 
in lenticular shaped, pock- 
et-like masses, something 
after the manner shown 
in the annexed cut. It 
will be noticed that this 


— 
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slaty-structured ore passes into the lean ferruginous schists without 
any break in the stratification. 

In this respect the ore deposits of the Menominee range on the Mich- 
igan side of the river differ from the hard ore belts of the Marquette 
range. In this latter district it is very common to find the ore in lens- 
shaped masses; but the hanging wall of quartzite, and the foot wall 
of jasper, approach each other and pinch out the ore. See annexed cut. 

These lenses overlap each other and 
are separated usually by chloritic rock. 
One lens may be magnetic ore and the 
other specular ore. I have a hand spec- 
imen with one-half of it specular and 
the other portion of it magnetic. 

To return to the Vulean mine, we 
find the old workings to consist of a 
large open pit 300 tot long and 80 feet wide by 70 feet deep. The 
isenition has a strike of N.7 5° W., and dips 60° to the south. Un- 
derlying and overlying the ore are jaspery and ferruginous slaty 
schists, and again, underlying these schists are the siliceous marbles 
and quartzite (No. V). 

The ore is the soft specular variety and varies in its structure and 
texture. It is of a good quality, as will be seen from the following 
analyses: 


Metallic iron. ... 2.0 eT Tere ee ere eT Tree r 60.130 62.290 
BOR <eiauv dtd cuwvbheceS eKhe4sddosewet ae eewsusbastag a 12.910 5.849 
PAGUAS os 9.950 0.5005.400440 25065 Cs nrder eed. BOZRESCARTRAOS SIG . weaves 
LAY ion a8 4R5A CSRS SER CERINEEE COG Uda SENS COR Teaaeds .090 1.310 
Magnesia: ccccesccacccdce steceessecccdvecccoaseseceee OF seseaw 
PHOBDHOLGG c's pseerccawes eS seeees ekce prow ese 027 022 
Wetde saesicss Wrasesens ose tiiaSweaweceas: <a phew 6.450 keewss 


No. 1 is a complete analysis made by Dr. J. B. Britton, and No. 2 
is a partial analysis made by myself in 1878. 

The present prospect for ore in this old pit is not very bright, 1 in 
fact, in the bottom of the mine, in some places, it is almost entirely 
wedged out. Whether another lens of ore will be found to either 
side or further down, is, in my opinion, a very important matter to 
those interested in the future of the Menominee range. Already we 
hear vague doubts expressed as to the permanency of these ore de- 
posits, and scarcely a day passes but some one asks the question, 
“What do you think about these deposits going down.” That these fer- 
ruginous schists are as continuous and persistent in depth as any other 
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inember of the Turonian series, T think admits of no reasonable 
doubt. My impression now is, that these ore deposits are of a seeond- 
ary nature: that is, they were originally the same as the Jaspery spee- 
ular schists in which they occur, and have been brought to their pres- 
ent condition by the dissolving out of the silica from the lean sehists. 
This theory, though an old one, LP think, will best account for all of 
the observed facts connected with the iron minesof this range. 

A few hundred feet to the west of the old workings, and on higher 
ground, are those of the New Valean. We tind here avery. tine 
surface show of soft specular blue ore. ‘The “stripping ? was light 
and the ledee has been uneovered for several hundred feet in 
leneth, Considerable preparatory work has been done, side tracks 
and two Important rock cuts have been made to reach the ore at con- 
venient points. A double incline is already completed to transport 
the ore down to the ore pockets alongside the railroad track of the 
old Vulean; in fact, everything is nearly ready to ship, and no doubt 
the New Vulcan will make a fair shipping reeord this season. The 
Vulean mine is operated by the Menominee Mining Co. 

Only a short distance to the west is another new opening known as 
the 

Curry Tron Minn. It was discovered and opened this season, and 
i3 now shipping daily about 150 tons of fine soft specular ore. A 
little more than a mile to the northwest of the Curry, are the Sagi- 
naw, Norwa® and Cyclops mines, all of which promise well. 

The Sacinaw is loeated on the S. W. qr. of See. 4, T. 59, TR. 29, 
Mich. The formation at the Saginaw mine has a strike of about N. 
vo? W., and a dip of 7u® to the south on the north side of the property. 
Immediately to the north of the ore bed, less than one hundred feet, 
are large outcrops of siliceous marble; south of this, within five hun- 
dred feet, numerous drill holes have been put down, which, after pass- 
ing through from twenty to eighty feet of earth, have met with the 
siliceous marble. In view of the supposition that the marble under- 
lies the ore bearing belt, we have here what appears to be a narrow 
synelinal. If this theory be correct, and I am inclined to believe it is, 
there should be another iron range not far to the south of here, with 
asoutherly dip. Exactly what relation the Saginaw bears to the Curry 
and Vulean mines, Lam unabie to state; but my impression is, in the 
absence of any facts either pro or con, that these latter mines are on 
the same belt as the supposed belt south of Saginaw. No ore has yet 
been shipped from the Saginaw mine, though the mine is about ready 
to begin mining on an extensive scale. 

The Norway adjoins the Saginaw on the west. This mine was 
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opened in August, 1878, and after that date it shipped for that year 
7,276 gross tons of ore. It is worked by the Menominee Mining Co. 
On the east side of the property the formation is very much disturbed 
and some of the beds are even brecciated. Owing to this irregularity 
of structure, the results of mining during the early part of this season 
were not as satisfactory as they otherwise would have been. The ore 
was somewhat mixed and the assorting was not an easy task. Subse- 
quent explorations from this point, northwesterly for say 1200 feet, 
have developed some very promising deposits of soft specular blue 
ore, Which will compare well in quality and quantity with the best of 
the other mines of this range. In going westward, the ground grad- 
ually rises, and at the west end the elevation above the railroad track 
on the east side is about seventy-five fect. 

The formation in some of the openings is apparently nearly hori- 
zontally bedded; in others it dips at a low angle to the southwest. 

Along on the north side of the mine working, from 50 to 200 feet 
are ledges of silicious marble and calcareous, reddish quartzites. 
Iorizontally bedded sandstone is frequently found capping the ore. 
The ore in the easterly pits varies greatly in color and texture. Some 
of it is of the soft, specular, blue variety; another portion is a hard, 
stecly, specular ore, and we also have the hard and soft hematites. 
Analyses made of the ore, late in 1878, afforded me the following 
results: | 


Oxide Of iron... . ceccscc ccs c ere cece tees eneececeseeeeee 85.200 90.710 
Alumingd..csccccccccccnseccscccccccccsesccensseseseses 2.800 = aeveee 
Line oo sabe ieee soe eewe dat an see vee ae iat 6 ewe e ae ee Sei 4.100 ean 
MuUgnesiad...cecccceccceeeccencceereeeceeeseceeceeneees 620 sw awoes 
Sulphur. ... ..-csccccccacsccseccccceretessccerereseaes [022 = eas 
Phosphoric acid. oeesssccsee ceccecceteceeccesecceeeeess 010 -  .037 
SIiCAiouiseiaw aebe aeeeee pla Gesie Cee Mev aw ee Sinn we wees 7.000 7.420 
Metallic iron. ..ccccccecccccscscccceccesnesscstersseees 59.640 63.500 
Phosphorus... seccseccerccccccee cece Mie eueeese tebe cos <O018 017 


From the Norway we proceed southwesterly about 1000 feet and 
come to the Cyclops mine, which is also operated by the Menominee 
Mining Co. This mine was opened last September and shipped that 
season (1878) 6,058 tons of ore. The ore is a superior quality of the 
soft, specular variety. 

The following analysis was made by myself from an average sam- 
ple sent me last November by Mr. J. J. Hagerman, the president of 
the Menominee Mining Co.: : 
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Osid@ Ob. Onis 60506 aicceie wales vee eee oi etewee aus Mtecesessewe , 29:00 
Cixtilee Of MuaMpMiesr, ceccccccsce cossevescccce ere ne ee ae trace, 
Oxide of lime..... eee ens Shs ae WN pre @aCRia Ss ae eRe eens Slaeeiete 6 
Oxide Of miusgrnenia. esc cece ec ecee oe a ieaier kak BAe ees eee m8) 
Alunina.ccees wa bheiies (a eeatete see She eiaee A ere ee am 62 
Sulphur..ssee. s Sc guave avast eames Ee ae eer Mae eine were locale ewe 01 
Paisphin@dvids scssusses-de9 dae: andes caw Gehan s rere ee cee ; 04 
Silica. cc ceee isthe hee aioe PERERA SRS Torre eee Tee ere 1.330 
Unietormintdd oc cesccesseuceseeesvaese's pale barereleree sineeronne utes ~ 1.47 

100.00 


The formation, as far as developed, is quite regular; it dips about 
53° to the southeasterly. The workings are known as Nos. 1 and 2 
shafts, which are about 250 feet apart. No. 1, the southeasterly 
one, is sunk two levels of 35 feet each, The first level is really two 
open pita, From the first level a drift connects with No. 2 shaft, 
intersecting it at 75 feet below the surface. The ground from No. 2 
to No. Lis descending. The vein vf ore is heavily capped in places 
by sandstone. It is interesting to note, in the northeast end face of 
No. 1, that the ore has worked into the joints of the sandstone, and 
near the junction may be seen fragments of ore and ferruginous 
schists imbedded in the sandstone. The ore next to the sandstone is 
quite suft and friable. Another feature in connection with these soft, 
specular, blue ores is, that we rarely find any of it changed to the 
hydrated peroxide of iron, which I think must be due to their erys- 
talline state. The “stripping” in No. 2 was so deep that under- 
ground mining had to be resorted to at the start. 

At the bottom of the shaft to the southwest a chamber about 50 
feet long and 30 feet high has been mined out, while to the northeast 
not quite as much has been dune. The vein varies from 15 to 30 feet 
in thickness. The progress of this shaft will no doubt be watched 
with considerable interest by the other mines of the range. The 
company are putting in large quantities of heavy timber to support the 
roof. Still, [do not think there is any too much. Where I should 
anticipate trouble would be below the second level, but then if the 
foot and hanging walls are good, even if the ore will not stand in 
pillars, the roof can be supported by timber. ILow practicable this 
may be, will, of course, depend on the cost. From what I have seen 
of these soft, specular, blue ores, I should hardly expect them to stand 
well in pillars without the pillars are well protected from the atmos- 
phere; for these ores, as a rule, very soon crumble in pieces on ex- 
posure. Qn the other hand, however, [ shall be greatly surprised if 
some economical method is not devised to win these ores by under- 
ground mining, in spite of all the present apparent drawbacks. 

Vou. IT. — 43 
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QuinxeEsEc VILLAGE, located at the present terminus of the Menom- 
inee River Ruilroad, is the most important town on the Menominee 
range. It has a pleasant site and its elevation is 550 feet above Lake 
Michigan. 

We find here several dry goods, grocery and drug stores; well 
kept hotels, a church, school house, a few fine residences and a full 
complement of saloons. 

The ground to the north side of the village is gradually ascending, 
and within a few hundred feet, in that direction, we enter a narrow 
valley, which breaks through the range at this point. On the west 
side of the valley the ground is sharply ascending, and in less than one 
thousand feet we attain an eminence of over 200 feet above the village. 
This elevation commands a fine view and gives one a fair idea of the 
general lay or topography of the country round about. The deep 
roaring of the Quinnesec falls can be distinctly heard and the valley 
of the Menominee river may be plainly traced. 

This broad ridge, which we have just ascended, is composed chiefly 
of lean ferruginous schists, and in these schists occur the ore deposits 
of the QuinnesEc Mine. This mine possesses some advantages over 
the other mines of this range. Its elevation affords eplendid drainage, 
a desideratum which is appreciated more and more each year by the 
older iron mines of the Lake Superior district. 

The ore of the Quinnesec is rather more compact than that found 
in the other Menominee range mines, still like them it soon disinte- 
grates on exposure. 

The formation in the mine has an east and west strike and the dip 
is 70° to the north. Considerable prospecting was done here in 1872, 
73 and ’74; a shaft was sunk some seventy feet deep; also several test 
pits were dug across the formation, which proved the existence of 
excellent ore in paying quantities. South of the ore belt, on which 
they are now working, along the south slope of the ridge, are a series 
of continuous test-pits and shallow trenches, cross-cutting the fer- 
ruginous schists for several hundred feet. Examining these, we find 
the dip of the formation as we go south from the mine workings to 
become steeper, then vertical, and finally there occurs a southerly dip. 
To the extreme south edge of these explorations, near the base of the 
ridge, is a large shaft. The southerly dip is quite marked. Here and 
there may be seen on the north side of the shaft, heavy jointing planes 
pitching at a low angle to the west. Returning to the valley, just to 
the north of the village, we have to the east side of the valley, in the 
trend of the ferruginous schist to the west, a narrow range of siliceous 
marble. On the north and south sides of the marble are magnetic 
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attractions. In view of these and other facts already noted, and 
knowing too that the marble forms the foot wall of the ferruginous 
schists, it seems to me that there must have been an uplift here, the 
marble range being paralicl to the axis of the uplift, or, in other 
words, we have an anticlinal pitching to the west. This hypothesis 
explains best to my mind, all of the facts which have come under my 
observation, 

From the foregoing, we would expect to find the southerly rim of 
the anticlinal corresponding to the ore belt in the Quinnesee mine 
not far to the south. 

It must not be inferred, however, from this, that a continuous belt 
of good ore will be found within this southerly range, for such is not 
the case in the northerly belt upon which they are now mining; still, 
I du believe that good ore will be discovered not far to the south of 
the Quinnesee range, having a southerly dip. 

Turning our attention now to the Quinnesee mine workings, we 
find first, an open cut driven west, horizontally, into the east end slope 
of the ridye, along the ore deposit, for 350 feet, where the ore passes 
into Jaspery slates, with the exception of a narrow run of ore, fora 
short distance, on the hanging wall side. On this level are located 
the engine house, ore pockets, ete. The shafts are irregularly num- 
bered. No. 2 is the most easterly one, and No 1 is directly west of 
it about 170 fect. They are both on the foot wall side of the ore de- 
posit. No. 3 is about 160 feet westerly from No. 2, ard is on the 
hanging wall side; it is also about 200 feet east from the westerly 
limit of this level. All three shafts are sunk to the third level, 120 
feet down on the dip of the formation. To the east side of No. 3 is a 
crossing of rock some 50 feet wide. 

Going down No. 3 shaft to the tunnel level, 48 feet below No. 1 
level, we find in adrift driven west from the shaft, 50 feet of Jean 
ore, and then enter an open pit 120 feet lone by 30 feet wide at its 
eastend. To the east of the shaft,a drift is driven under the crossing 
of rock already noted, and we enter another open pit which extends 
eastward a little beyond No. 1 shaft. 

On the third level, the crossing of rock appears to have “cut out.” 
To the west of No. 3 shaft we have on this lower level, in a drift 
driven along the hanging wall side, a “run” of 410 feet of good ore; 
west of this the drift is continued for 90 feet more, but it is in mixed 
ore. Ilow it may prove to either side of this is, a question that can 
only be settled by actual explorations. To the east of No. 3, more work 
has been done. A pillar of ore 25 feet thick has been left to protect 
the shaft, then comes a chamber 30 fect long by 20 feet wide, with ore 
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still on the foot and hanging wallsides. Continuing eastward on this 
level, we pass through a drift 45 feet long, driven on the foot wall 
side of the deposit, and enter another chamber 40 feet long by 35 feet 
wide. Along the north side of this chamber we have rock; but on 
the south side it is still ore. Between this chamber and No. 1 shaft, 
las been left a 25 foot pillar, and on the east side of the shaft is a 15 
foot pillar. East again from this point is another large chamber 30 
feet wide with, as yet, no true foot or hanging wall to the ore deposit. 
This chamber connects with No. 2 shaft by a drift. 

The ore of this mine consists chiefly of the soft specular blue vari- 
ety. It is quite slaty, and easily mined. Its quality adapts it to the 
manufacture of Bessemer steel, as may be seen by the following 
analyses: 


No. 1 No.2. No.3 
Oxide of iron..cece.ssseee oh cara te Sauntadae winaialée 93.87 93.28 89.07 
ANOMUN Ba dthccuny Welasec tikes se edecet aneeeeees 83 1.29 2.21 
TNMG Sis as ius eeeededest ore. chweeaee Swear enees .69 ASS aera 
Man Ganese.cskcsadss ese isa tecees aves eusaeeess 15 S03" saisdeas 
Phosphorie-ncids <ecswse- cu seseccsnwesessetsecsae: 07 .08 024 
UL DMUs ciraiia lense tedeaiw cases esas: Sanwwar 02 04 aes 
SINCAAcie sheen oeectaweee i eRe atone SencwG see 2.10 4.6 5.40 
Metallic: iron 244 veadaesoterwad cesses. S4diou5 65.70 65.300 62.35 


Phosphorus ........eessee. Wuetwle sees esuw unease 03 034 Ol 


No. 1 is an average which I made of ore collected by myself from 
the mine in 1873. No.2 is an analysis made by Dr. J. B. Britton, 
in 1877. No.3 is an average of four analyses made by the Lucy 
Furnace Company, from samples collected by themselves at their 
works. 

The Quinnesece closes the list of the shipping mines of the Menom- 
inee range. 

Proceeding again on our westward journey, the next mine explora- 
tions we meet are near the center of the south half of See. 32, T. 
40, R. 30, Mich., or two and a half miles west of the Quinnesec mine. 
The ore is a soft brownish red colored variety, which afforded me on 
partial analysis, as follows: 


PETOSINe OF TON: 6s 660s koe dee ee en Aas weed eee eee eteedenes Sees *. 91.85 
Dame ¢2kiaw cane cheese sii aio edceweue ashe wkecaseeseen eee 0.80 
MaAQnGsidiccsces<sscdesee Sek eeses pede ecba ee Jirsieiaves on0Wilee S's 97 
Silieascu.ceeeeueress ee eer ry ere ees cows er er 50 
SULPOUL s4ieseceescasawece ee eer ee isGNeeseseaeees ee er -07 
Phosphorie-acid <e4.ac- as sceew se Sucvek tacaevsewe se seeswes esis eheae 11 
Metallic iron .......ccccsesoses Se whe eetancs Riese Sau Srage eas eaureet¢ 64.300 


Phos phorus scs5.o ve vee Seis hae tase: Gee eeeoseuns cece ec eees « O47 
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Near the center of the northwest quarter of this section is the Ver- 
million mine, and west of these again less than one-half a mile are 
the Walpole explorations, An analysis of the Vermillion mine ore, 
made by myself from samples brought me in 1873 by Captain Wel- 
come Hyde, afforded the following result: 


Peroxide of iron...... aS Oe eae eee Meera algae ate eee 89.934 
Alumina....... ie si ieee SOR ee he Sees ohiee ees Pe ere oe 44 
DAWOs sco wie wicca ewe duis sae sk eelene Gwe Seeewes bp exenerees Sahewes 1.22 
Magnesia..... PLR ree eee iat Bib. tec eae ae Stier eee eee sansa 5 14 
SCA he videist<s ee ee ee rr a ee Jeseteous ere Lea ewaes 4.80 
Phosphoric acid . cecccecres ee ee re ee re re 025 
Wilterris waisieeowseees ess 64 babok oan 6 see WSO Swe es wae eeuen. “5400 

99.965 
Metallic tron .cecse.sccccesscccoces a Angie Grsad Ga ctaraeceneraver ieundverces 62.538 
Phosphorus ......ccccceesees eer Te eee soe aeseuaeiess. «Ol 


This ore is very deceptive; it is very light and resembles common 
red chalk; in fact, it would make an excellent article for this purpose. 
I have shown the ore to some of our best iron experts, and rarely ever 
has one of them estimated the percentage of metallic iron more than 
thirty per centum; in other words, they did not consider it ore inthe 
commercial sense of the word, but rather a ferruginous clay. 

The most reliable field test for the percentage of metallic iron of 
these Menomince ores, is to judge from the color of the streak powder 
when scratched with a knife. Northwesterly from herein the N. W. 
qr. of the S. E. qr. of See. 25, T. 40, KR. 31, Mich., are some recent 
explorations which promise well. The ore is the bright, soft specular 
blue variety, resembling that of the Quinnesee. In quality itis as 
good as any I have yet analyzed from the Menominee mines, as may 
be seen from the following analysis: 


Peroxide of iron......cee+e0. baweeieies ageueed jee ee cae nes ceeewewe  91:000 
PIN INA 6o8s koe wee ooss ee aees Cie Gr enue es eewewes KGS ewes eees 1.920 
PICA: 4240s iets Gar aodieeers awe as Siete’ Sedees tec napens setae Baa ee - 2.730 
Phosphoric acid ......06. dite We Widla ere Ma ewe cer ists aietees sosccereee 2020 
Undetermined i vicctacies Saceenasa diese des ouen pbtate cue cin Gate ges 1.724 
100.000 
Metallic iron ..... Uciasa eer eneneked iecieesae Doeameeee tue ee Sa deeasOOs 
Phosphorus .......6. ooi sia bhbsweneekearns Waa Masee wanes dets Sseaws-- 2012 


The strike of the formation in the explorations of this mine is 
about east and west and the dip is nearly vertical. The vein is about 
30 feet thick, but it is split up very much with lenses of rock running 
parallel with the vein. The widest place of clean ore I saw there, 
July 7, 1879, was ten feet; still, considering the superior quality of 
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the ore, it is a good “showing,” and will warrant the expenditure of 
considerable capital “to prove it up.” As this is the most westerly 
of the Menominee range explorations, on the Michigan side of the 
river, it is therefore the nearest to Wisconsin of any of those of the 
Menominee range that we have thus far considered, and for this reason 
should possess much interest to the people of this state. 

From the explorations in Sec. 25, on the strike of the formation, it 
is only two miles westerly to the Menominee river, and furthermore, 
where the general trend would intersect the river, we find, on the 
Wisconsin side, some strong magnetic attractions. Considering what 
we have seen to the east of the river, it seems to me that this at- 
tractive field in Wisconsin, cannot long remain untouched, but that 
on the other hand, we shall soon see the explorer delving away in 
search of iron ore, and shall be greatly surprised if he is not well 
repaid for his honest labor. 

Some three or four years ago, there lay a very large boulder of lean 
iron ore directly over the line of these magnetic attractions, which 
was discovered by some explorers, who, thinking it was a solid ledge, 
completely undermined it before they were satisfied of its true charac- 
ter. J remember having seen, in 1875, a similar boulder some ten 
miles west southwest of here — wonder if this boulder will be dis. 
turbed in the same manner by some future explorer? 

On the Michigan side of the river again, near Lake Antoine, are 
parties exploring for iron ore, it is said with very satisfactory results. 

All of the ores of the Menominee range which we have thus far 
examined, with only a single exception, are strictly firstclass. Many 
of them contain quite a percentage of lime, magnesia and alumina, 
all desirable elements as impurities, since they, with the silica, are 
the essential ingredients of blast furnace cinder, and when not con- 
tained in the ore, it is necessary to add them in order to reduce the 
ores to pig iron. The sulphur in the majority of these ores is 
hardly worth considering, while the phosphorus is remarkably low. 
Taken as a whole, the adaptability of these ores to the manufac- 
ture of Bessemer steel — the ores now most eagerly sought for — can- 
not be surpassed; as a practical proof of this, the mines of the Me- 
nominee range could sell this season double the amount of ore they 
will be able to mine. 

With all these fair prestiges and bright prospects, we cross the 
river again into Wisconsin, to continue our westward journey, fully 
satisfied that the same formations which are now economically yield- 
ing such rich returns to the east of us, must pass into this state. We 
may not find the ores outcropping on every hillside; still, even if 
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we do not see them, we know they are safely covered with a compara. 
tively thin laver of earth, and all that is needed is a little patience 
and labor to discover them. They will not burn up where they are, 
nor will they, practically, waste away; 80 we necd not feel discouraved 
if our first day's work ig not rewarded with an iron mine. 

We will leave now this attractive field, in which no exploitations 
have been made as yet on the Wisconsin side of the river, and proceed 
at once to the Commonwealth mine, which, geologically, is higher 
(Formation XTIL) than the mines we have been describing (Furma- 
tion VI.) This mine is located near the center of section 34, town 40, 
and rangve 18, Wisconsin, and is in a direct line thirteen miles west- 
northwest of the present terminus of the railroad at Quinnesee. 

The property of this company embraces Sees. 32, 33, df, the 8. 
half of See. O1, and the S. E. qr. of See. 28, T. 40, R18; also the N, 
half of Sec. 4, and the N. W. qr. of Sec. 5, of the town immediately 
south. 

Iron ore was known to exist here, by Indians, and & Lake Komun,”’ 
signifying iron, it is said, in their language, was the original name of 
Loon lake. About twenty years ago, Cul. Charles Whittlesey dis- 
covered iron ore on the above property, and from his minutes it was 
entered, with some other lands, in 1567, by Mr. II. B. Tuttle, of 
Cleveland, Ohio. 

In 1875, our geological party traced out a line of magnetic attrac. 
tions in sections 31 and 32, and found considerable float ore fur two 
or three miles east of this. Near the center of section 34, we saw a 
loose ledge of ore exposed under the turned up roots of an old tree, 
but it was left to Mr. If. D.. Fisher, in 1876, under the direction 
of Mr. If. A. Tuttle, then president of the Commonwealth Iron Co., 
to first unearth the solid ledge of iron ore, and thus prove its exist- 
ence beyond all question. Subsequent explorations and work prepar- 
atory to actual mining have developed on section 34 the largest 
surface “show,” by far, yet discovered on the Menominee range. Sce 
sketch and geological cross section of mine on opposite page. 

The ferruginous schists and slates on the foot-wall side of the ore, 
I consider as the equivalent of the banded Jaspers occupying the same 
stratigraphical position with reference to the ore, in the Marquette 
district, while the siliceous schists or slates overlying the ore corre- 
spond to the “hanging wall quartzites”” of that district. The ores 
of this mine are a soft, steely, specular variety; some of the harder 
portion present a rich velvety texture, and are not easily scratched 
with the knife. 


1 Lake Eliza of Brooks’ report. 
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The first analysis which I made of this ore was of an average sam- 
ple, taken in June, 1877, by myself, at every six inches across the 36- 
foot vein, which afforded as follows: 


Peroxide of iron........cssceees lived omewen ween saeerees sucarereesiees 90.26 
PINCH cbs ndnkokdeebonecdenseeeaeecaae ieee ecewe en ita wee pn ewseles 3.24 
Phosphoric acid. ........ Wi@ikatavecueseudese cease ere rrr dO 
Sulphur ..... peesesesees saeaee un aceenpie ae wiemanes! ete Pe ee er 02 
Metallic irons ése0es éseveeees $icteesn bas a loie claw wees wae wibaeareies ecee 63.182 
PROSPHOVUG ssh eceesse cine saeewnaveaweteneees Javed satieWacaauns es 234 


Average samples taken from a shait sunk 22 feet into the ledge on 
the south side of the 36-foot vein (see sketch), afforded me on analysis 
as follows: 


No. 1 No. 2 
Metallic iron...... beueeoueees paueanesee rere ee iialees 62.20 62.00 
DICH wie iadeceee ae Shiws cee watau ew eueutesagae she upset 3.24 3.44 
PROSHMOM Sess a71,c'0:s thw ore: crateleralace we erete se ears einunes oeaNe cies 19 27 


No. 1 was an average collected by Major T. B. Brooks, in Sept., 
1877, and No. 2 is an average taken a few days later by myself. 

Another sample from a nine foot drill-hole put down in the bottom 
of this shaft, gave: 


Metallic iron. ..... Ci eembowewes er er me ee Sloe: eases 63.50 
Silica. . 3 eeeee e@e@eaeeeaeseeoeooeaosee2eeeeeaeaeeve 68 @ @e@eeeeerseeeveevee ese eae @eeeesoeonvee@ 2.03 
Phosphorus ......seeeee. errr Se Uae inte we aeare soles Safe Wieasad cies 32 


Overlying this 36-fuot vein, will be noticed a 10-foot vein of lean 
ore. Taking an average sample of this, it afforded me on analysis as 
follows: 


Metallic iron eeeoveeeenee @eeceose Cece eeeeeeoeseeeeeeesee eeeeeseeeesenr 48.10 
INCA cies sre eee a NS ue tees wae ede Pe ee ee ee 10.60 
POs phorusivicw. sc acwene wes aces waaeeyeietes stew aeea wens Basins sea: ~21D 


Other average samples afforded me, on partial analysis, respectively 


as follows:. 
No. 1. No. 2. No. 8. 


Metallic iron......ese- Oe ee ee 63.70 56.10 57.50 
DCR cSekaa eka cnssehasetesereneoueseteceee - 5.04 4.94 5.57 
Phosphorus ..0+.ccccovccsesccssscececsorsncce oe = LT 23 21 


——e ———e ee ee oe 


No. 1 was taken by myself just south of the 10-feet vein of lean 
ore; No. 2 also by myself, as an average of the 68-foot vein (see 
sketch), and No. 3 was collected by Major Brooks as an average of 
the 68-foot vein. 

The above analyses, as a whole, are certainly very good, especially 
when we consider that the average ores of the 36 and 68 foot 
veins were taken across the entire bed, without discriminating between 
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the lean streaks of ore or even narrow runs of rock, and the ore itself, 
which in the course of mining would be assorted. The shipping ore 
Will probably average from 64 to 65 per centuin of metallic iron. 

It will be noticed that we have in these analyses quite a range in 
the percentages of phosphorus, from fifteen to thirty-two one-hun- 
dredths of one per centum, end even in the shaft we note one .19, 
and the other .27, while the iron and silies are nearly the same. 

These facta prove conclusively that the phosphorus is very unevenly 
distributed. This, toa certain extent, may be accounted for, in that the 
soft, somewhat broken nature of the ore allows the surface water and 
even the spring water from below, carrying frequently a trace of 
phosphoric acid in solutiun, to percolate through the ore bed. The 
iron oxide, having a strong aftinity for the phosphoric acid, would in 
part deprive the water of it, and thus would result an ore more or 
less highly charged with phosphorus, depending, as we can readily see, 
on its physical structure and the permeability of the iron oxide to the 
water, This theory, [ know, is questioned; but my experience as an 
analytical chemist to the iron mines of Lake Superior, for several 
years past, including now those of the Menominee range, has demon- 
strated pretty clearly to my own mind that it is the correct explanation. 
I know that some of my Menominee range mining friends may doubt 
this theory, and will probably say, “Our soft specular blue ores are, 
as a rule, very porous, and absorb water readily; how is it then that 
they contain so little phosphorus?” At first glance, this may appear 
unanswerable, but on second thought, it is perfectly consistent with the 
above hypothesis. The highly crystalline particles of these soft spec- 
ular ores are impervious to water, and therefore the crystallized iron 
oxide is not affected by the phosphorus contained in the water. 
These crystalline particles appear, under a strong Coddington lens, 
like small scales of micaceous specular iron ore. This will also ex- 
plain another feature, which we have already noted; that is, the 
almost entire absence of any small pockets or bunches of hydrated 
peroxide of iron, or ochreous iron ore, among the soft specular blue 
ores. 

With regard to the ores of the Commonwealth, we find them, on 
carcful examination, to consist of extremely minute grains of iron 
oxide, which are scarcely distinguishable with the most powerful 
Coddington lens. No doubt that they were originally crystallized, 
but now they appear to be a dense amorphous mass of microscopic 
grains, a very favorable condition for the phosphoric acid to attack 
and unite with the iron oxide. The most natural conclusion we now 
arrive at is, that the Commonweath and other ores of this class will 
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decrease in phosphorus as we go down into the solid ledge where they 
are harder and more compact, and thereby are less exposed to the seep- 
ing in of water holding phosphoric acid in solution. To show that this 
is not a mere hypothetical deduction, I will mention a few facts which 
have come under my own observation, in connection with our Lake 
Superior iron mines. The Champion mine, in 1872, averaged about 
120 per cent. in phosphorus, but now, 300 feet from the surface, the 
percentage of phosphorus averages only .035 per cent. 

This decrease has been quite uniform from the surface down. The 
Lake Superior mine has decreased from .120 per cent. to .065 per cent. 
on the 240 foot level. In the Ishpeming group of mines, of which 
some are too high in phosphorus for Bessemer steel purposes, I have 
found that the diamond drill, penetrating these same beds, at depths 
varying from 300 to 800 feet, has brought up cores of iron ore, 
which, on analysis, gave low results in phosphorus, some as low even 
as .013 per cent. Again, in the Winthrop soft hematite mine, where 
the ore a year ago was rendered quite wet from water-seeping, gave 
in some analyses as high as.410 per cent. of phosphorus, but now, 
since they have mined beyond this wet place, the phosphorus has 
been in some analyses as low as .015 per cent., and the average for 
this season, thus far, is only .0£4 per cent. 

I could give many other examples in support of this theory, but 

these, I think, are sufficient to show that, as a rule, the iron ores of 

| our Iuronian region are frequently contaminated by water, holding 
' phosphoric acid in solution, and when thus affected, they will decrease 


' in phosphorus as we get down into the solid ledge. 

Glancing again at our sketch of the Commonwealth, we find the 
aroregate thickness of the three strata of ore to be 118 feet, with every 
indication of its extending to the east and west of here. Whether it 
will average this great thickness for any considerable distance, can 
only be demonstrated by actual exploration. My opinion is, however, 
that the bed has been uncovered at one of its strongest points and that 
it may lessen in width in the direction of its strike or dip; but even 
if it should decrease, say one-half its present thickness, it will still be 
the largest iron mine yet developed on the Menominee range. Its 
location is exceedingly favorable, as it is on the summit of a high, 
broad ridge, timbered with splendid hardwood, and the soil for farm- 
ing purposes is most excellent. A preliminary railroad survey to this 
property has shown that the gradients against the ore will be light, 
and that the roadbed will not be an expensive one to build. 

West of these workings about two and one half miles, in the south- 
west quarter of section 32, this company has sunk several test-pits, 
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also a shaft seventy feet deep, which is on a narrow bed of granular 
specular ore carrying a little magnetite. In sinking the shaft, the 
stratuin of ore widened from two feet to ten feet and then contracted ; 
beluw this it widened, but very soon narrowed again. No doubt but 
that ore will yet be found here in paying quantities. 

The following analyses are some that [have made of these ores: 


No.l. Nod. No. 3. 


Metallic iron eeeee eo e@e@ete @e@eeneoeoeveaeee eo eae @eeeseeses O19 641.10 65.07 
Silica a a a a a ey -@eCeeenene @Caorvcece were ee ee ee 7.93 yes | 2.10 
Phosphorus ........ heae ks Su taelaee dries adaeseeleceds 10 AZ AS 


——- ———, -_— —— ——<s ee — oe 
—————— ee — ed 


The mine explorations are very conveniently located on the east 
end slope of a high ridge. The next mine that demands our atten- 
tion is known asthe Eagle. It is located in the N. E. qr. of theS. EF. 
qr. of Sec. 20, T. 40, It. 18, Wis. 

Ore was first discovered here by IT. D. Fisher, Exq., in 1873. Con- 
siderable test pitting and cross trenching has been dune immediately 
about this place. The iron ores and associated rocks are plainly 
bedded, but much contorted, especially in the eastern portion of the 
exploration. The strike of the formation averages about N. 80° W., 
and the prevailing dip is high to the north. 

An open trench about 100 feet long, dug in a north and south line, 
exposes well the character of the ore and rocks within its limits. 
East and north of this trench a short distance, some test pits have 
been recently sunk. The first pit is nearly due east of the north end 
of the long trench and has iron ore in the bottom of it. North of 
this pit at 25 and 50 feet respectively, are two other test pits, also 
with ore in the bottom, with a fair indication of ore lying between 
in the covered spaces. 

seginning now on the south end of our trench (sce cross section), 
we have first ten feet of chloritic rock, cherty quartz and thin seams 
of steely, specular ore; then comes ten feet of steely, specular ore, 
somewhat banded with cherty quartz. An average of this bed 
afforded me on partial analysis: 


MetalliG 1rOniesss0asae eens seats Ge eeeeiun. aaeuseseat aveeee oe, 40.00 
SICA hKe, Ws Sheena Cea ee eee eee eee nee eewaeees ceneces 20.30 
Phosphorus... ... sides ae eeasieantee ‘ ealie hwaeeiegiedeseuces cocesee = 14 


Overlying this, we have eighteen feet of lean ore, jasper and chlo- 
ritic rock, portions of which are partially decomposed. Now follows 
fifteen feet of loose, shelly, hard hematite. It is somewhat con- 
torted and broken up, and can be easily picked out without blasting. 
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An average of this bed, collected by myself, gave: | 
Metallic iron sSdusacndaaceaestuuensiaweesadethabaeateiaue: =o 53.03 
Overlying this again, is eighteen fect of plainly stratified, soft 
hematite and limonitic iron ore, which afforded on partial analysis: 


Metallic iron. cess .clevsevsescescs Same auer eesiewes eke dois sacwes. 0¢.00 
INCA ai dvee Maree ke cu ndu ton eae cuniex io o a eleielw miesaeaune ete were ogee ee 3.80 
PHOSPNOLUN 66 séea/t ties gee eug-swcteceheace tak daeehockamano scene oes 40 


Next in order on our cross section comes nine feet of soft hema- 
tite ore, which afforded: 


Metallic iron.........cecccccccce ibincnide weeaatont eerie cis ete deeea es TOO01L0 
Silica ..cccscess Geeweeenaes Pine wards eneee sucess Made ata sects oe eee 38.04 


In these two beds we have an aggregate thickness of 27 feet of 
good hematite, well adapted to foundry purposes. 

Next follows nine feet of hard hematite and brown iron ore, and 
then comes a fine steely, specular ore, very similar in appearance to 
the most southerly ore shown on our cross section. How far north- 
ward they may continue, without any interstratified beds of rock, we 
only can conjecture, since the trench terminates on ‘this bed of ore, 
after uncovering six feet of it. An average analysis across this six 
feet afforded: 


Metallic iron e@eeveeeeevoeee es ee eevneseeseeeesne 8 Oe e@eeeeeeosneesornseeeveeaeeoenees 58.10 
DINCRisgase soe eleeae vs aie wea eawie ooo ee cececececvececens ideas neews 4.00 
Phosphorus. ...0ccccccccccccsscccccccccecsecesscesesess coe eees eee 


An analysis of hard hematite ore taken from the test pits, afforded 
as follows: 


Oxide of iron... @eeeoeottOGO' ene *@@0@ 88 es e000 80@ #8 ©Ceeseoseerge 80008 8 ee 89.79 


Alumina .....ee.. TTL eT ee eee ee v.11 
Lime...... ba dubeeter ance ee inet VES eseeawswe aeeeseace (ee Qweeeees 95 
Magnesia .......e. ‘enkeseweud reer eT eee ers eRe se ew sks 17 
Phosphoric acid......... eer er eC TERE SPT CTE TL Te TT ee eee 1 
SU PAUP: c06 sips euaie ae ieaiece.s Seki ewes sealed ghia e eine oe: eekis Whee ee 03 
SINCAs daisies Hass wesievaw onsoee sates teuees de.ceeees sted BaueeaaWen. 16.02 

| 98.97 
Metallic iron .....005 sceccere wae SRReS ibe Meae Sueseeesees geese 62.80 
Phosphorus....+.0eee- One ieseteAieeesnren ones penne nes osuaeaelele , 20 


West of the Eagle mine, about two miles, in section 25, town 40, 
and range 17, are several test pits which, I understand, have devel- 
oped a fair showing of ore. This, I believe, comprises all the explor- 
ations of the Menominee range of any note, in Wisconsia. 

We will now consider briefly the | 
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BELTS OF MAGNETIC ATTRACTIONS 


which our delicate needles have detected. The importance of these, 
from a scientific or economic standpoint, cannot well be overestimated. 
In the former instance, they indicate to us the strike of the underly- 
ing covered rocks, thereby enabling us often to connect widely sepa- 
rated outcrops, and in tho latter instance they reveal the position of 
magnetic ore, or rock, carrying magnetite. 

I regret to add, that asa general rule, applied to the Wuronian 
rocka, the attraction ia more frequently due to the latter cause than 
to the merchantable ore. Iam inclined to believe, however, from the 
relation these lines of attraction bear to the asseciated rocks, that 
they very often emanate from an iron ore belt. We will consider, 
however, only the more prominent of these magnetic belts. 

Traversing Sees. 8, 5 and 6 of T. 39, R. 17, Wis., and Sees. 36, 35 
and 27 of T. 40, R. 16, in a northwesterly direction, is one of the 
strongest and most persistent magnetic belts we found on the Me- 
nominee range, in Wisconsin. We crossed it several times, and when 
we did so, our compass needles, in every instance, apprised us of the 
fact. 

Only once did: we attempt to trace ont the attraction, and in so 
doing we experienced no difliculty. This was in Secs. 36,35 and 27 of 
T. 40, R217.) Tregret now that we did not do more of this kind of 
work, but at that time I had not worked out our field notes and not 
knowing, to a certainty, the general trend of the magnetic belts and 
associated rocks, could not, therefore, have done it as advantageously 
as now. 

No exploring or test pitting has been done along this belt; but I 
doubt not but that workable deposits of good iron ore will be found 
Within it. Northeast of this belt about one mile, is another parallel 
magnetic belt. It is not as strong or well defined as the first one. 

Northeast again in Secs. 36, 35, 25, 26, 27, 28 and 21 of T. 40, 
R. 17, Wis., are several magnetic belts. See map, plate No. XXX, Ae 
location. This I consider a promising locality for good iron ore, and I 
shall be greatly surprised if valuable iron ore deposits are not soon 
discovered here. 

The attractions in the south half of See. 25, belong in all proba- 
bility to the Commonwealth range. 

North again, in Secs. 9 and 10, T. 40, R. 17, are magnetic belts, 
and at the southeast corner of Sec. 13, of this town, we have a loose 
ledge of plumbaginous and ferruginous schists. This we will, for the 
present, designate as the Eagle mine range. Still north again, on the 
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Michigan side of the Brulé river and along the north side of the 
chloritic slates, has been reported to me from reliable sources, deposits 
of iron ore located in the southeast quarter of Sec. 25, T. 42, R. 33, 
Mich., also in southwest quarter of Sec.-31 and near the center of 
Sec. 6, T. 42 and 43 of R. 32, Mich. These unquestionably are all 
on the same belt, and it appears to me that the easterly extension of 
this range passes along on the north side of the river in Secs. 18 and 
17 of T. 41, R. 31, Mich. 

A line of magnetic attractions traverses the north half of these 
two sections in an east and west direction. I did not see any 
outerops in the zone of these attractions, but saw instead several 
pieces of specular quartz schist, which leads me to believe that within 
this “ Brule range” is a fair show for good iron ore. 

We can present now only two locations on the Menominee range 
in Wisconsin, the Commonwealth and Eagle mines, where iron ore 
has been developed in paying quantity, but even with this small be- 
ginning we have, I think, sufficient evidence in the belts of magnetic 
attractions to warrant the assertion that the Menominee range in 
Wisconsin will very soon becoine one of the leading iron mining dis- 
tricts of this country. 

For the manufacture of charcoal pig iron, it offers many superior 
advantages over any locality I know of, which cannot fail to be 
quickly recognized as soon as the railroad extension reaches this dis- 
trict. The timber in the vicinity of these iron ranges is chiefly hard 
wood, and the land, when the forests are cleared away, will yield 
abundant harvests. Charcoal pig iron could be made here with the 
present price of labor and material, at a cost not to exceed $14 per 
gross ton, which would afford a handsome profit. 

Another mineral which occurs in this district, associated with the 
iron formation, is the plumbaginons schist. This substance is very 
soft and friable, and, owing to this, it is seldom found outcropping. 
This property is due to the graphite it contains, and hence the richer 
it is in this mineral, the less likely are we to find it at or near the 
surface. These facts lead me to the conclusion that very rich and 
valuable deposits of it will eventually be discovered here. See, also, 
lithological descriptions, Nos. 149 to 151, page 716. 

Mr. H. A. Tuttle, of the Commonwealth Iron Co., who has exam- 
ined it for economic purposes, writes me, in a recent letter, as follows: 
“In answer to your inquiries, would state that we find the plum- 
baginous schist all along on the south side of our iron range, in 
Sees. 32, 83 and 34. We dug into it on the side hill some fifteen 
feet, and in that width did not get across it. It is very uniform as to 


quality; analyses of it gave forty per cent. of carbon, 
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There have 


been no experiments made of it, except those P made for paint, for 


Which purpose it answers well. 


It is hardly pure enongh for pencils, 


but possibly might do for foundry facings and other coarse work.” 

The following analyses of Menominee iron ores was kindly fur- 
nished me by Mr. J.J. Hagerman, President of the Menominee Min- 
ing Company. The analyses were made during IS7S8 and 1879; 
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Chenist. 


Lucy Furnace Co. 
Lucy Furnace Co, 
Lacy Furnace Co. 
Lucy Furnace Co, 
Cambria tron Co. 
Cok. Wriht. 
C.EB. Wright. 
Lucy Furnace Co, 
Lucy Furnace Co. 
Lacy Furnace Co, 
Lucy Furnace Co. 
Cambria Tron Co. 
C. BE. Wright, 
C. BE. Wright. 
Lucy Furace Co. 
Lucy Furnace Co. 
Lucy Furnace Co 
Lucy Furnace Co. 
C. Bk. Wright, 
Lucy Furnace Co. 
Lucy Furnace Co. 
Lucy Furnace Co. 
‘BE. Wright. 
C. EB. Wrirht. 
C. EB. Wricht. 
C. bk. Wright. 
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t New bed, just opened. 
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CHAPTER II. 


LITHOLOGY.* 


The following descriptions of rocks, written early in 1875, are of 
‘specimens collected from the Menominee iron district, by Major T. B. 
Brooks and myself, during the antumn of 1874. 

The following lithological classification is taken from Dr. F. Zirkel’s 
work on Petrographie: 


I. Simple rocks. 
II. Quartzose rocks. 
ITI. Silicate rocks. 
IV. Iron ores. (See also Economic Chapter.) 


V. Carbonaceous rocks. 
VI. Granitoid rock. 


For convenience of reference a table will be found at the end of 
this chapter, which gives in each set of columns the descriptive num- 
ber and the corresponding collection number now attached to the 
specimen. 


Calcarcous rocks. | 
These are represented by only two sp2cimens, Nos. land 2. The first is a coarse 
granular limestone, holding apparently slender blades of cyanite. The other is a pink- 
ish gray, very fine grained, siliceous marble. 


Quartzose rocks. 


Under this heading are described, first, the purer quartzites and quartz-schists, then 
the micaceous quartz-schists and mica-schists. The reason for bringing the mica-schists 
under this heading, is that the three named schists are often present in the same bed, 
and pass so gradually into each other, that it is very difficult to define their division 
line, except, perhaps, in a few isolated cases, where even then it might be questionable 
if such a division were desirable. 

Next in order are two varieties of the mica-schists, staurolitiferous and garnetiferous, 
and finally the talcose, chloritic and specular quartz-schists, 

Amphibolites. 

These rocks are composed chiefly of amphibole, with quartz and feldspar in variable 
quantities. Mica, chlorite, lime, pyrite and magnetite are often present as accessories ; 
also viridite as a secondary product of alteration. By reason of well characterized 
differences in these rocks, 1 have divided them into four classes, viz.: Amphibole rock, 
actinolite schist, hornblende schist, and hornblende rock. 


errr EEE 


* This chapter was prepared early in 1875. 
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The first, the amphibole rock, is hyht to dark-yreen, fine-grained, very compact, and 
rings when struck with the hammer, Tt is usually inassive and strongly jointed, Under 
the microscope, the amphibole presents a bushy structure, resembling actinolite. As 
accessories may be counted chlorite, pyntes, quartz, mica and line. 

9 ACTINOLITE-SCitIsts. — These vary greatly in structure and texture; some are 
minutely fibrous, others are coaracly so. Many are highly ferrnginous, others are very 
giliceous, ‘The principal ingredients, however, are actinolite and quartz with chlorite, 
talc, an IL som stuns anthophyllite, Mica, pyr.te and magnetite are often contained as 
accessories, 

3. Hors neeNpe-Scitsts. — They have usally a greenish to grayish-black color, 
fine-grained texture, Schist planes ure strongly marked, thouzh not always apparent 
in the hand specimen, To the touch they have a raspy feel. ‘Their principal ingred- 
enta are amphibole and quartz, with feldspar (sometimes prominent), mica, chlorite, 
manetite, hme and pyrites, as ace 'ssories, Some of them, when hold:ng considerable 
feldspar, resemble homblende- gneiss. 

‘To form a separate division under this name would be hardly feasible from our present 
data, and for that reason I have considered taem wl under the above heading. 

4. Horxp.enpe-Rocks. — These vary greatly in texture and somewhat in the pro- 
portion of the essential ingredients, namely, amphibole, quartz and feldspar, with mica 
chlorite, maynetite and pyrite as accessories. 


Greenstones. 


The members of this group differ from those of the amphibolites in their more basic 
nature, and in containing but very little, if any, quartz. 

Their principal ingredients are pyroxene ant triclinic feldspar (diabase) or amphibole 
and triclinic feldspar (diorit). Chliorite is usually present as an accessory, but some- 
times as an essential mineral (chloritic diorite). To distinguish the members of this 
family I have divided them into four groups, viz: Diabase, diorite, hornb!2nde-dhorite 
and chlontic-diorite. 

The diabases are represented by only one specim:n in my suite, which in appearance 
resembles some of the hornblende schists. Its presence is very interesting since it is the 
first pyroxenic rock 1 have met in the Lower Huronian series.' 

The diorites are well represented. They range from an aphanitic to a coarse gran- 
ular porphyritic texture. Their color varies greatly, depending on the percentage of 
amphibole or chlorite. They are usually massive, showing only obscure signs of bed- 
dinz, and often resomle very much the hornblende rocks of the amphibolites. So 
strong is this similarity in many instances, that it is impossible to decide between them 
by the eye alone. 

Schists and slates. 

Under this broad title are included the chloritic, talcose and argillaccous schists and 
slates. | 

They represent, I believe, nearly all the varieties we have met in the Huronian series. 

Commencing first with the chloritic schists, we find them closely allied to the green- 
stones. Their manner of association would, in many instances, refer their origin to the 
greenstone-ashes, while on the other hand is suggested the possibility of a transition of 
the former into the latter (assuming that the greenstones of this section are metamor- 
phic). Passing hastily ’ the many varieties of chloritic schists and slates, we meet in 
the order described, the talcose and argillacecous schists and slates. 


2A better microscopic section of 1025, App., C. Mich. Geol. Rep , shows it to be a calcareous 


diorite. 
2The gencral aphanitic and obscure character of these rocks renders it very difficult, In the 


absence of analyscs and wita only a few microscopic sections, to say anyth ng definite about them. 
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Lastly are considered the rich and lean iron ores, the carbonaceous rocks and granites. 

No. 1 (Sp. 2036!).—Crystalline limestone or marble. 800 N., 600 W..,? Sec. 
34, T. 42, R. 30, Mich. 

Grayish-white. Coarse granular crystalline texture. Massive, uneven conchoidal 
fracture. On weathered surface can be seen several partially altered crystal fragments, 
resembling those of cyanite. They remain in the insoluble residue after treatment with 
acid.’ Placing the residue under the microscope and bringing the edge of these insolu- 
ble pieces parallel with either of the principal planes of the crossed nicols, they remain 
light, and only become dark when the edge makes quite an angle with the crossed nicol 
planes. 

No. 2 (Sp. 2063). — Siliceous marble. 900 N., 0 W., Sec. 82, T. 40, R. 30, Mich. 

Light pinkish-gray. Dull, vitreous luster, approaching a semi-enamellar texture. 
Subconchoidal fracture. Traversing the rock are narrow gray, siliceous scams, that are 
best observed on a weathered surface. 

The veins cross each other, and vary in width from the thickness cf a sheet of paper 
to one-eighth of an inch. 

Weathers to a light drab. Hardness, about 4.5. Sight effervescence in cold acid, 
but on warming becomes brisk, and finally leaves a large siliceous residue, which, ex- 
amined under the microscope, is seen to consist of irregular, angular erystulline frag- 
ments. BB.‘ becomes pale lemon color without fusing. 


Quartzose rocks. 


No. 3 (Sp. 2083). — Quartzite. 0 N., 1,000 W., Sec. 17, T. 41, R. 30, Mich. 

Grayish white. Even, arenaceous, semi-saccharoidal texture. Dull, vitreous luster. 
Somewhat jointed. One surface is broadly corrugated, resembling ripple or glacial 
markings. The corrugations measure about one inch from crest to crest. Sp. Gr. 2.68. 
Resembles, at first glance, a highly indurated sandstone. 

No. 4 (Sp. 2085). — Quartzite. 2,000 N., 1,000 W., Sec. 3, T. 41, R. 30, Mich. 

Grayish-white, mottled with pale-green. Raw, vitreous texture. The greenish min- 
eral has a fibrous, often radiated, structure. Taking a few of these acicular crystals 
and examining them under the microscope, they appear to be those of actinolite. 

No. 5 (Sp. 2187). — Quartz-conglomerate. 1700 N., 500 W., Sec. 25, T. 40, R. 
17, Wis. 

The predominating color is grayish-white, with several bluish-black fragments of 
crypto-crystalline quartz. 

Unevenly distributed through the mass are bright, glistening, pinkish-red scales, 
that give the specimen often the appearance of aventurine quartzite. Some of the 
fragments are an inch across. Surrounding many of the larger quartz grains are thin, 
pale-greenish, talcy layers. 

No. 6 (Sp. 2093).— Chloritic quartzite. S. W. qr. of N.E.qr., Sec. 23, T. 41, R. 
31, Mich. : 

Dark green, sprinkled with light gray, medium grained, even textured, strongly 
jointed. With a good lens can be seen numerous bluish grains, having a conchoidal 
fracture, which are probably those of quartz. 

Under the M.° in polarized light, the grains of quartz in a section of the rock appear 


1 Spec. No. (2086) is the number that is now attached to the specimens. 

2€00 N. and 600 W. are respectively the number of paces. The outcrop from which the specimen 
was taken is located from the southeast corner of the section, 2000 paces being considered equal to 
one mile. 

3 Hydrochloric acid. 

4 Before the blow pipe. 

5 M. equals Microscope. 
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somewhat rounded, and average about one-fourth of an inch across. The matrix lying 
between the grainais composed of altered: fragments of feld<par, small quartz grains 
and leaves of chlorite, The cement forms about one-half the entire mass. 

With a power of 500 X! can be seen in the quartz a few dancing bubble cavities.’ 
Heating the shde to L007 C, the bubble becomes quiet, but does not disapp«ar. 

Spee. 205, from Ss. Wor. of No EJ qr, Sec. 25, T. 4i, RB. 31, Mich., is very aimilar 
a 

so. 7 (Sp. 2o51.— Chloritic quartzite. (Provisional.) N. W.qr. of N. W. qr, 
See. 16, T. 41, Ro 1, Mich. 

Greenish-gray, mottl-d with gray, The base has a fine-grained texture, thickly 
strewed with small rounded) grayish grains of quartz, and minute black scales of 
chlorite or nica. An occasional small crystal facet as visible, resembling that of feld- 
spar. Weathers toa hyht drab, 

No. 8 (Sp. 2074).— Arenaceous quartzose schist. Four Ft. Falls, N. E. qr. of 
N. W. qr., See. 14, T. 0, R19, Wis, 

Very pale greenish-gray, mottled with brown. Fine-grained, arenaceous texture. 
The brownish spots appear to be due to the decomposition of some terruginous min- 
eral. Schistose structure. Coursing through the sp-cimen, is a vein of glassy quartz 
nearly an inch in width, 

No effervescence in acid. BB. infusible. The specimen resembles a calciferous 
sandstone. 

No. 9 (Sp. 2216).— Quartzose schist. 50 N., 1590 W., See. 23, T. 39, R. 17, Wis. 

Tight bluish-gray. Aphaiutic marbly texture. Under the lens it appears arena- 
ceous. Schistose structure not very distinct. Cleaves with difficulty into thick plates. 
On splitting planes it is often talcy. 

No. 10 (Np. 2ust).— Arenaceous quartzose schist. 1250 N., 1759 W., See. 30, T. 
41, R. 30, Mich. 

Dark gray, fine-grained, arenaceous texture. Some portions are browmsh, which is 
evidently due to decomposition. Disseminated in the gray portions of the rock are 
minute bunches of oxide of iron, as may be seen by examining carefully a fresh scratch 
made with the knife point. 

BB. fuses at 6, toa blebby enamel. 

No. 11 (Sp. 2162). — Mieaceous quartz-schist. 5. W. qr. of Sac. 35, T. 42, R. 32, 
Mich. 

Silvery grayish-green on cleavage planes, and shimmering luster. On edge, dark 
grayish-green; fine-grained arenaceous texture. Weathers nearly a quarter of an inch 
from surface toa light grayish-drab. Schistose structure. Cleaves readily into even 
thick plates. Somewhat jointed. Under the M., the section appears composed chiefly of 
small, angular grains of quartz, interspersed with numerous greenish leaves of chlorite 
and a few brownish ones of mica; also several opaque grains of magnetite. 

No. 12 (Sp. 2163.)— Micaceous quartz-schist. Paint River Portage. S. W. qr. 
of Sec. 35, T. 42, R. 32, Mich. 

Dark steel-gray; fine-grained, even, arenaceous texture. Schistose structure. Some- 
what jointed. Shyntly friable. A fresh deavage surface has a sparkling luster. With 
a strong lens can be seen very minute biack scales of mica. BB. fuses at 4.5 to a 
pale green glass. 

No. 13 (Sp. 2205). — Micaceous quartz-schist. 1520 N., 850 W., Sec. 22, T. 39 
R. 17, Wis. 

Dark gray. Fine-grained arenaceous texture. Weathers to a light grayish-drab. 
Schistose structure. Cleaving into plates about half an inch in thickness. Inter- 


1500 x equals 500 diameters. 
* Dancing bubble cavities are cavities nearly filled with liquid and a moving bubble. 
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spersed in the specimen are numerous white scales of mica; also several tiny black ones. 
BB. fuses at 5 to a blebby glass. Under the M,, in the polarized light, a section 
of the rock presents a fine quartzy base, interspersed with a few large quartz grains; 
also light and dark-colored micas, muscovite and biotite. An occasional altered frag- 
ment of feldspar and a grayish patch of calcite can be recognized. The schistose struct- 
ure is very apparent. With a power of 500 diameters may be seen, scattered through 
the section, numerous minute crystals resembling those of rutile. 

No. 14 (Sp. 2206). — Micaceous quartz-schist. 1640 N., 620 W, Sec. 22, T. 39, 
R 17 Wis. 

Dark gray. Fine-grained, arenaceous texture. Schistose structure. The cleavage 
planes are finely corrugated. With the lens can be recognized numerous small scales of 
black and white mica; the former greatly in excess of the latter. Effervesces briskly in 
acid for a moment. . BB. infusible. Under the M. it presents a very arenaceous base. 
The grains are small and elongated, averaging about one-four-hundredth of an inch 
across. The longer axis of the grains have acommon trend. Scattered through the 
section are nu'nerous leaves of brown mica; also a few fragments of chlorite. 

No. 15 (Sp. 2223). — Micaccous quartz-schist. 909 N., 50 W., Sec. 24, T. 39, R. 
17, Wis. 

Dark steel-gray, sprinkled with hght gray. Fine-grained texture. Cleaves readily 
into thick plates. With the strong lens are visible numerous black scales of mica. 
Scattered over the surface are several particles of iron pyrites; also bunches of calcite. 
Under the M., between the crossed nicols, it presents an indistinct, very fine-grained, 
arenaceous base, strewn with numerous brownish leaves of biotite and a few partially 
decomposed crystals of orthoclase. 

No. 16 (Sp. 2231). — Micaceous quartz-schist. 1200 N., 1825 W., Sec. 23, T. 39, 
R. 17, Wis. 

Light-gray, slightly tinged with blue. Very fine-grained texture. 

Under the loupe it appears arenaceous, interspersed with minute dark scales of biotite. 
Schistose structure; the cleavage planes, owing to the fragile nature of the rock, are 
not very even. On the surface are visible small bunches of bronze-colored mica. 

Weathers to a light-drab. No effervescence in acid. BB. fuses at 6 to a white 
enamel. Under the M., between the + nicols, it presents avery pretty chromatic field. 
The grains of quartz are quite small, averaging not more than x;/55 of an inch across. 
Interspersed through the section are several leaves of brown mica biotite; also colorless 
ones resembling tale. An occasional highly altered fragment of some mineral, appar- 
ently that of orthoclase, can be recognized. 

With a power of 500 X can be seen a few minute, plain and twin crystals, resembling 
those of rutile. They are quite small, averaging about yg55 of an inch in length and 
a5$s0 Of an inch in thickness. 

No. 17 (Sp. 2251). — Micaceous quartz-schist. 1025 N., 1350 W., Sec. 29, T. 39, 
R. 18, Wis. 

Light yellowish-drab; very fine, arenaceous texture. Schistose structure. The 
splitting planes usually glisten with minute scales of mica. 

Disseminated in the mass can be seen, under a strong lens, numerous leaves of dark- 
brownish biotite. 

No. 18 (Sp. 2255). — Micaceous quartz-schist. 1600 N., 600 W., Sec. 29, T. 39, 
R. 18, Wis. 

Dark-gray, mixed with black. Fine-grained texture; somewhat arenaceous. Schist- 
ose structure; the schist planes being often covered with thin films of lime. Scattered 
through the rock are numerous scales of black mica. The specimen examined on the 
edge resembles, slightly, Sp. 2226. 

BB. fuses at 4.5 to a greenish bead. Under the M., the rock appears somewhat 
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altered. Wath the 4 nieols can be recogmze dl numerous small brownish leaves of 
biotite. grayish patches of lame, fragments of amphibole, chlonte, a great many grains 
of quartz and partially decomposed feldspar; also several slender forms of some opaque 
mineral. 

No. 19 (Sp. 2159). — Mica-schist. 1,000 N., 1,090 W., Sec. 8, T. 41, R31, Mich. 

Mixture of dark and hyht gray. Fine-gruned, ansnaceous texture On cleavage sur- 
face it has a bright, shimmering luster. Schistose structure, cleaving into thick plates. 
The scales of mica are quite amall, bat easily recognized under the loupe, 

No. 20 (Sp. 2:01). — Mica-schist. Paint Portage, N.W. qr. Sec. 06, T. 42, Ro 52, 
Mich. 

Pearly greenish-gray, and bright, shimmering luster, Finely corrugated, schistose 
structure. The cleavage surface appears somewhat knotty. On the edve of a fresh 
fracture it presents an arenaceous texture; cleaves readily into thiek plates. 

No. 21 (Sp. 2145). — Chloritic mica schist, 500 N., 2,000 W., See. 9, T. 41, R. 31, 
Mich. 

Grayish-green; on cleavaze planes it presents a bright, shimmering texture, Very 
fissile, splitting readily into thick plates. The grayish scales of mica are quite small, 
but are easily recognized with the loupe. Examined on the ed ze, across the haminaton 
it shows a grayish, very arenaceous texture, Under the nnecroscope, it presents a highly 
arenaceous base, interspersed with brownish and greenish leaves of mica and chlorite. 

Sp. 2146, Ce lar Kapids, 1,25) N., 90) W., Sec. &, T. 41, R. 31, Mich., is a variety 
of Sp. 2145, containing more chlorite, is less siliceous, and has a crumpled or wavy 
schistose structure, 

No. 22 (Sp. 2160). — Staurolitiferous mica-schist (Prov.) 450 N., 1,850 W., See 
31, T. 42, R. 31, Mich. 

Pearly, greenish-gray, and bright, shimmering luster. Corrugated, wavy, schistose 
atructure. On cleavage surface it appears knotty. On weathered surface are prominent, 
numerous crystals resembling those of stiarolite; the crystals in the hand specimen are 
very imperfect, but ene fragment is apparently a portion of a twin or cross crystal of 
staurolite. 

See specimen 61, State Collection, App. B., page 209, Vol. I], Mich. Geol Survey, 1875. 

No. 23 (Sp. 2229). — Garnetiferous chloro-mica-schist. 1775 N., cv0 W., See. 
25, T. 39, R. 17, Wis. 

Mixture of grayish-green and light-gray. Fine grained texture. On the edge can 
be seen numerous crystals of red garnet, many of which are one-eighth inch across. 
Disseminated in the mass are small scales of brown and black micas; light greenish 
mineral or substance is visible under a strong loupe. No effervescence in acid. BB. 
fuses at 4.5 to a black magnetic bead. 

Under the M., the section appears to be an aggregation of quartz-grains, chlorite, 
mica, garnet, fragments of feldspaz, and magnetite. The chlorite is light green. The 
mica, dark brown and is largely contained. Only a little feldspar can be recognized; 
there are, however, several grayish patches that remain light between the + nicols, 
which may be due to decomposed feldspar. The garnets are readily distinguished by 
their form and by their becoming dark between the crossed nicols. 

No. 24 (Sp. 2213). — Talcy quartzose schist. 600 N., 1000 W., Sec. 24, T. 40, R. 
17, Wis. 

Silvery gray, tinged with pink. Inlistinct, medium grained texture. Schistose 
structure; the cleavage planes are usually covered with silvery scales of tale. No effer- 
vescence in acid. BB. infusible. 

Under the M., the grains of quartz appear to vary greatly in size, the larger ones 
being about ore-eightieth of an inch across. Lying between the quartz-grains is the 
nearly colorless talcy mineral; it is often minutely fibrous, but usually in slend--r scales. 
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With a power of 500 X can be seen in the quartz, dancing bubble cavities. 

No. 25 (Sp. 2089). — Chloritic quartzose schist. 750 N., 1000 W., Sec. 18, T. 40, 
R. 19, Wis. 

Dark grayish green. Fine grained texture. Schistose structure rather obscure; 
cleaves into rhombohedral shaped masses. Hardness 3. to 4. Streak powder yellowish 
green. Effervesces briskly in acid fora moment. BB. fuses at 5. to a black glass. 

No. 26 (Sp. 2090).— Chloritic arenaceous schist. 750 N., 1000 W., Sec. 18, T. 
40, R. 19, Wis. 

Grayish. greenish black. Weathers to a dirty greenish drab. Even, fine-grained 
texture. With astrong loupe the minute greenish black scales of chlorite are barely 
visible. Hardness, 3. to 4. Slight effervescence in acid. 

Under the M., nearly all the chlorite becomes dark between the + nicols; only a few 
fragments that are cut only slightly oblique or nearly parallel to the principal crystal- 
line axis, afford any light. The minute chromatic grains of quartz are easily recog- 
nized; also, small granules of lime, which are often united, forming small grayish 
patches in the field. A little magnetite is visible. 

No. 27 (Sp. 2091).— Chloritic arenaceous schist. 900 N., 100 W., Sec. 18, T. 40, 
R. 19, Wis. 

Dark greenish black, sprinkled with gray. Somewhat jointed. Irregular schistose 
structure. Hardness about 3.5. Slight effervescence in acid. BB. fuses at 4, with in- 
tumescence to a dark green, magnetic glass. Under the M., in the polarized light, the 
grains of quartz and chlorite are easily recognized, and appear to be almost equally 
divided; the former are angular and average about z},5 of an inch in size. Scattered 
in the section are a few grayish patches, probably lime. In the common light the 
brown leaves of mica are plainly visible. Thickly disseminated in the section, are mi- 
nute opaque particles resembling magnetite. 

No. 28 (Sp. 2225).—Chloritic quartz-schist. On Pina river. Ses. 30, T. 39, R. 
18, Wis. 

Dark gray. Fine-grained texture. Schistose structure. OUn the surface are visible 
several facets of feldspar; also very minute silvery scales. With a strong loupe 
can be recognized numerous small black leaves of mica. Feeble effervescence in 
acid. Under the M., in the polarized light, portions of the section present a dim, 
grayish texture, while others are very arenaceous. Several large fragments of highly 
altered crystals of feldspar are contained; also a few of chlorite or mica. With a 
power of 500 « can be seen several minute, rutile-like crystals. See No. 16 (Sp. 2281). 

No. 29 (Sp. 2222). — Chloritic quartzose schist. 150 N., 1540 W., Sec. 24, T. 39. 
R. 17, Wis. 

Deep greenish-gray and grayish-white. Dull, semi-vitreous luster. Cleaves not 
easily into plates, having pitted surfaces. A fresh fracture is often strewn with white, 
_ talcy scales. Somewhat jointed. Under the M., in the polarized light, very similar 
~ to No. 28 (Sp. 2225). With a power of 500 X, the section appears thickly scattered 
with very minute simple and twin crystals resembling rutile. Sce No. 16 (Sp. 2281). 

No. 30 (Sp. 2252).—Chloritic quartzose schist. 1150 N., 1050 W., Sec. 29, T. 
o9, R. 18, Wis. 

Grayish-green, tinged with purple. Fuine-grained, slightly glistening texture. 
Schistose structure. With the loupe can be seen a pale greenish mineral resembling 
tale. No effervescence in acid. BB. portions of it fuse at 5. to a yellowish gray glass, 
Under the M., between the crossed nicols, can be seen numcrous grayish patches, appar- 
ently those of decomposed feldspar. Scattered in the section are small, pale greenish 
colorless leaves, resembling those of chlorite. The small grains of quartz are easily 
recognized. With a power of 500 X are visible the minute rutile-like crystals. 
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No. 31 (Sp. 2008). — Chloritic quartzose schist. 1650 N., 0 W., See. 15, T. 38, 
R. 20, Wis. 

Laight greenish-gray; aphanitie texture, Cleaves readily into thick slates, 

The cleavage surfiwe usually shimment with minute scales, The joints are often filled 
with cileite and quartz, Hardness, about 4.5. BB. fuses at 4.5 to a very pale-green 
pelican. 

Under the M., between the + nicols, it pres:nts an indistinct arenaceous texture, 
In the plain hyht, with a power of G00 x, can be seen numerous pale-greenish leaves 
of chlorite, also rutile-lke crystals. This latter fact is rather interesting since some 
twenty miles intervene between this and the other specimens holding apparently rutile. 

No. 32 (Sp. 2224). — Specular quartzose schist. 1650 N., 850 W., Sec. 19, T. 39, 

R. 18, Wis. 

Grayish-white and bright, metallic steel-gray.  Fine-grained, arenaceous texture. 
The surface ina side fracture has a slightly mottled app*arance, owing to lenticular 
shaped bunches of arenaccous quartz. The quartz forms the base of the rocks through 
which is disseminated the minute seales of specular ore, and the two are often in irregu- 
lar layers, 

No. 83 (Sp. 2184). — Specular quartzose schist. 2)0 N., 1800 W., Sec. 32, T. 40, 
R. 18, Wis. 

Bluish-gray and grayish-white, banded with specular ore. Fine-grained, arenaceous 
texture. 

The specular layers examined under the loupe appar to be a mixture of chlorite and 
specular ore. Somewhat fnable. Sp. Gr. 2.80. The specimen resembles some of the 
magnetic schists at the Micliyamme mine of the Marquette Iron district. (See eco- 
nomic chapter. ) 


Amphibolites. 


No. 34 (Sp. 2152). — Chloritic amphibole rock. 1800 N., 1950 W., See. 7, T. 39, 
R. 19, Wis. 

Dark grayish green; aphanitic texture. Very jointed, cleaving often into thick plates, 
but usually in three directions unequally inclined to each other. Hardness about 6. Streak 
powder grayish white. Sp. Gr. 3.03. Very feeble effervescence in acid. BB. fuses 
at 4. toa black glass. Under the M., the amphibole presents a fibrous, bushy struct- 
ure resembling actinolite. 

The chlorite is evenly distributed in pale greenish leaves. 

An occasional grayish patch of lime and a few grains of quartz are easily recognized. 
With a power of 500 X are visible numerous opaque particles, probably those of mag- 
netite. 

No. 35 (Sp. 2156). — Amphibole rock. Upper Twin Falls. Soc. 2, T. 39, R. 19, 
Wis. 

Light green; very compact aphanitic texture. Conchoidal fracture; very jointed and 
rings when struck with the hammer. Disseminatzd in the rock are thin scaly patches 
of pyrites. Hardness about 5.5. Sp. Gr. 3.06. BB. fuses at 3.5 to a black mag- 
netic bead. Under the M., very similar to No, 34. 

No. 36 (Sp. 2165). — Amphibole rock. 1840 N., 109 W., Sec. 16, T. 49, R.18, Wis. 

(irayish green; fine grained, even texture; massive and jointed; conchoidal fracture. 
Weathers to a greenish drab. Sp. Gr. 3.06. BB. fuses at 4. toa black bead. Under 
the M., very similar to No. 34. 

No. 87 (Sp. 2172).— Amphibole rock. 525 N., 300 W., Sec. 9, T. 40, R. 18, 
Wis. 

Dark grayish green. Medium grained, indefinite crystalline texture. Very jointed 
and somewhat chlontic. Conchoidal fracture. Weathers toa light drab. Hurdness 
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about 5. Sp. Gr. 3.00. No effervescence in acid. BB. fuses at 4. toa black bead. 
Under the M. similar to No. 34. 

No. 88 (Sp. 2173).—Chloritic amphibole rock. 400 N., 250 W., Sec. 9, T. 
40, R. 18, Wis. 

Dark grayish green. Fine grained, even texture. Under the loupe it appears some- 
what arenaceous. The hand specimen is very jointed and apparently schistose. 
Weathers to a snuff brown. Hardness 3.4. Sp. Gr. 2.70. No etfervescence in acid. 
BB. fuses at 4. to a black, blebby glass. Under the M. very similar to No. 37, only it 
contains more chlorite. 

No. 39 (Sp. 2175).— Chloritic amphibole rock. 300 N., 200 W., Sec. 9, T. 
40, R. 18, Wis. 

Bright grayish green; fine grained, even texture; uneven fracture; very jointed. 
The cleavage planes are usually covered with tiny glistening scales, resembling those of 
brown biotite. Coursing through the specimen is a narrow grayish drusy seam of lime 
and quartz. Hardness 4.5. Sp. Gr. 2.95. BB. fuses at 4. toa black glass. Under 
the M. very similar to No. 35. 

No. 40 (Sp. 2171).— Chloritic amphibole rock. 730 N., 410 W., Sec. 9, T. 40, R. 
18, Wis. 

Dark green; fine grained, somewhat crystalline texture. Schistose structure. 
Cleaves readily into thick plates. The surface is slightly pitted and the jointing planes 
across the lamination are finely corrugated. Hardness, 4.5. Sp. Gr. 3.00. No 
effervescence in acid. BB. fuses at 4. to black magnetic bead. Under the M. it presents 
a confused structure, composed of more or less fibrous fragments of amphibole, numer- 
ous grains of quartz and a few fragments of feldspar. Wath a power of 500 X can be 
seen scattered among the durk green amphibole, greenish leaves of chlorite. 

No. 41 (Sp. 2177).— Chloritic amphibole rock. 1650 N., 1450 W., Sec. 15, T. 40, 
R. 18, Wis. 

Dull, dark grayish green; fine grained texture. Jointed and somewhat schistose 
structure. On some of the splitting planes are minute brownish scales of mica, and on 
schist-planes are small light gray to greenish leaves resembling those of chlorite. 
Hardness about 3. BB. fuses at 4. to a black glass. Under the M., apparently a chlo- 
ritic variety of No. 36. 

No. 42 (Sp. 2178).—Chloritic amphibole rock. 1650 N., 1000 W., Sec. 15, T. 40, 
R. 18, Wis. 

Bright grayish green; fine grained, even texture. Very similar on fresh fracture to 
No. 39. Somewhat schistose, with very little chlorite on cleavage planes. Slightly 
jointed, with a thin coating of calcite and a few scattered grains of copper pyrites in 
the joints. Hardnesa 4-5. Sp.Gr. 2.97. BB. fuses at 4. to a dark green glass. Under 
the M. resembles No. 36. : 

Sp. 2180, from 1900 N., 0 W., Sec. 19, T. 40, R. 18, Wis., is very similar to No. 42. 

No. 43 (Sp. 2198).— Actinolite schist. 1735 N., 950 W., Sec. 34, T. 40, R. 17, Wis. 

Grayish-green. Fuibrously reticulated structure. ‘The small slender acicular crystals 
of actinolite are plainly visible, and have a common trend, which imparts to the rock 
an imperfect schistose structure. 

Uneven jagged fracture. BB. intumesces briskly, and fuses at 4.5 toa black mass. 
Under the M., the amphibole appears in long slender crystal fragments, all of which 
lie nearly in the same direction. Numerous grains of quartz are contained, which are 
usually grouped in bunches. An occasional fragment of orthoclase can be seen, also 
fibrous, bushy clusters of viridite. The section is stained in spots by thin films of 
hydrated oxide of iron. 

No. 44 (Sp. 2238).— Actinolite schist. 1330 N., 1050 W., Sec. 28, T. 39, R. 18, Wis. 
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Silvery greenish-gray. Very coarse, fibrously mudiated crystalline texture. The fan- 
shaped bunches of actinolite are often an inch or more in length. It a somewhat de- 
composed and bas a taley, gray feeling. On cleavage surfaces it is quite soft. 

In the bed the entire masa was very soft and eauly cut with a knife, but since it was 
collected, it has dnmed and become quite hard. BB. fuses at 4-5. to a black, metallc, 
magnetic bead. Itaus probable that it is partidly changed into viridite and chlorite. 

No. 45 Sp. 2207). — Actinolite schist. 1370 N., 640 W., See. 22, T2590, R217, Wis, 

Dark grayish-preen; fine crystalline texture. Under the lens, it: presents a closely 
woven reticulated masa, The majority of the actinolite crystals have a common trend, 
which gives the rock an imperfect schistos’ structure, Etlervesces briskly in acid for a 
moment. 

BH. fuses at 4.5 to a black magnetic glass. 

Under the M. it presenta a fibrously reticulated mass. In the plain light the actino- 
lite has a very pale greenish color, and with the polarizer shows but little, if any, dich- 
roism. Between the + nicols is visible a bushy, colorless mineral resembling tale, 
in which the optical biseetrx and crystallographic axes coincide. A few grains of mag- 
netite can be seen. 

No. 46 (Sp. 21-0). — Anthophyllo-actinolite schist. 0 N., 1075 W., See. 35, T. 
40, R. 17, Wis. 

Pale grayish-green; fine fibrous structure. The acicular crystals are often grouped 
in radiated bunches so common to anthophyllite. Sciistose structure, cleaving readily 
into thick, irrecular plates. BB. fuses at 4. with intumescence to a black, blebby 
mass. Under the M., it presents a fibrously reticulated mass. The anthophyllite is 
easily recognized by the parallelism of the optic bisectrix and crystal axes. The 
actinolite is readily distinguished from the anthophyllite in the section, by the inclina- 
tion of the optic bisectrix and principal crystal axis, provided the section is not taken 
pendicular to the symmetrical plane of the crystal, (See Resenbush, 203 and 3vu7.) 

This rock resembles very much the anthophyllitic schists (A VII) of the Michigamme 
senes. See Spee. o8, Mich. State Coll., Vol. If, page 209, which, under the microscope, 
peris seen to be a mixture of actinolite and anthophyllite. 

No. 47 (Sp. 2191). — Ferruginous actinolite schist. 1,200 N., 40 W., Sec. 28, 
T. 40, KR. 17, Wis. 

Banded with light green and buffish-white. The former have a fibrous, often 
radiated structure; the latter is a fine-grained, arenaceous quartz. A narrow band 
of the actinolite bordering on the quartz has a beautiful silvery-gray texture. 

The cleavage surfaces are sometimes covered with a lustrous coating of a hydrous 
oxide of iron. Splits readily into plates from one-eighth to an inch in thickness. BB. 
fuses at 5 to a black magnetic mass. 

No. 48 (Sp. 21-6). — Magnetic anthophyllo-actinolite schist. 400 N., 500 W., 
Sec. 25, T. 40, R. 17, Wis. 

A fresh fracture presents the different shades of greenish-gray, and often sparkles 
with minute facets of magnetite. Fibrously radiated structure. Somewhat decom- 
posed. Strongly magnetic, and very siliceous. Under the M., very similar to No. 46. 

No. 49 (Sp. 2240). — Magnetic anthophylio-actinolite schist. 1500 N., 1050 W., 
Sec. 28, T. 39, R. 18, Wis. 

Deep green tinged with purple. Fine reticulated crystalline texture. The purplish 
tint is due to the partial decomposition of the fibrous mineral and magnetite. 

Schistose structure cleaving readily into corrugated plates of variable thicknesses, Sp. 
Gr. 3.35. No effervescence in acid. BB. fuses at 4. Under the M., in the polarized 
light, the rock appears to be a mixture of actinolite and anthophyllite, the former, how- 
ever, predominating. See No. 46. A few fragments and grains of garnets are con- 
tained. 
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No. 50 (Sp. 2203). — Quartzy actinolite schist. 1920 N., 1150 W.., Sec. 22, T. 39, 
R. 17, Wis. 

Grayish-white mixed with dark-green. Fine-grained and somewhat arenaceous; dul] 
vitreous luster. The bands or layers of actinolite are apparently mixed with chlorite. 
Under the lens the minute fibrous crystals of actinolite are easily recognized. 

BB., the greenish mineral, fuses at 4. to a magnetic glass. 

No. 51 (Sp. 2057). — Hornblende schist. 1600 N., 1400 W., Sec. 16, T. 38, R. 20, 
Wis. 

Greenish-black sprinkled with gray. Very fine-grained crystalline texture. Schistose 
structure in hand specimen not very apparent; the rock, however, in place is decidedly 
so, with strong bedding planes, and is traversed by irregular veins and dykes of granite. 
BB. fuses at 4.5 to dark-green glass. Under the M. it presents a pale-green, slightly 
dichroitic, reticulated mass of imperfect acicular crystals of amphibole, averaging about 
1-300 of an inch in length. In the polarized light can be recognized numerous grains 
of quartz which are angular and vary greatly in size, the largest measuring not more 
than 1-200 of an inch across. 

No. 52 (Sp. 2129). — Hornblende schist. 200 N., 700 W., Sec. 8, T. 38, R. 20, 
Wis. 

Dark grayish-green; medium to fine-grained, highly crystalline texture. Obscure 
schistose structure. Uneven fracture, that has a rough, raspy feel. The surface 
sparkles with numerous facets of amphibole. Under the loupe can be distinguished 
thickly disseminated in the base, very minute grayish grains, probably those of quartz, 
as the specimen scratches feldspar. Sp. Gr. 3.05. Feeble effervescence in acid. BB. 
fuses at 4. to a black glass. 

Under the M., between the + nicols, it presents a very pretty field, composed princi- 
pally of fragments of amphibole, quartz and feldspar. The former is often appar- 
eutly twinned, and is in excess of the other mincrals; the latter, the feldspar, is usually 
striated. 

Sp. 2121, from 175 N., 700 W., Sec. 8, T. 38, R. 20, Wis. 

Sp. 2125, from 2000 N., 1870 W., Sec. 16, T. 38, R. 20, Wis. 

Sp. 2124, 1000 N., 1970 W., Sec. 15, T. 38, R. 20, Wis. 

Are all very similar to No. 52. 

No. 53 (Sp. 2125). — Chloritic hornblende schist. 1670 N., 1000 W., Sec. 16, T. 
38, R. 20, Wis. 

Grayish-green; fine-grained, arenaceous texture. Schistose structure, with narrow 
grayish quartz bands. It is possibly an altered variety of No. 52. Sp. Gr. 2.95. BB. 
fuses at 3.5 to a black glass. 

Under the M., in the polarized light, it appears to be a fine-grained aggregation of 
irregular shaped fragments of amphibole, chlorite, quartz and feldspar. The amphi- 
bole is very pale green, and is only slightly dichroitic. The chlcrite is perhaps a shade 
lighter; and can only be distinguished from the amphibole by the position of the opt. 
bisectrix to the principal cryst. axis. The grains of quartz are angular and quite 
small, The feldspar is scattered in the section in indistinct fragments that are some- 
what altered. . | 

No. 54 (Sp. 2201). —Hornblende schist. 1900 N., 1050 W., Sec. 22, T. 39, R. 
17, Wis. 

Dark grayish green thickly sprinkled with grayish white; fine grained texture. 
Schistose structure; the cleavage planes being often slightly corrugated. Deposited in 
the joints are bunches and layersof calcite. The finely disseminated amphibole is barely 
visible under a strong lens; the grains of quartz are more easily recognized. The speci- 
men has a rough raspy feel. Sp. Gr. 2.93. Brisk effervescence in acid. BB. fuses 
at 4, toa black glass. Under the M., between the + nicols, it appears to be about an 
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equal mixture of dark green ampluibole and quartz; an oceasional grayish fragment of 
calcite can be revognized, also numerous munute crystals of rutile. 

Sp. 2226, from P20 NL, bo00e W., See. go, TL oo, RL 18, Wis., resembles No. 54. 

No. 55 (Sp. 2208) — Hornblende schist. 1879 N., 1200 W., Sec. 22, T. 09, R. 
17, Wis. 

Dark gravish green with goavish white, Medium) grained crystalling texture. 
Slightly banded) sehistose structure, The bands consist of grayish white arenaceous 
quartz and caleste, with bunches of bronze colored mica. Associated with the latter are 
snl bright crvstals of tourmaline, which may be recognized by their crystal form and 
deportment with flour spar and bisulphate of potash. Brisk ctlervescence in acid. BB. 
fuses at 4 toa black magnetic glass. Under the M., between the + nicols, the large 
crystal fragments of amplibole are plainly visible; also arenaceous seains of quartz and 
grayish patches of calcite; they are all unevenly distributed in parallel layers. 

No. 56 (Sp. 220s).— Hornblende schist. luvd N., 670 W., Sec. 22, T. 39, R. 17, 
Wis. 

Very similar to No. 4. Under the M., in the polarized light, it appears to be an ag- 
gregation of bushy fragments of amphibole, grains of quartz and an occasional frag- 
ment of striated feldspar. ‘The amphibole is dark green and strongly dichroitic; the 
quartz grains are sinall and angular, and are grouped in bunches, ‘They have alimpid, 
shyhtly chromatic texture. A few grains of magnetite are viable. 

No. 57 (Sp. 2209).— Hornblende schist. 1350 N., Loud W., Sec. 26, T. 39, R. 
17, Wis. 

Dark grayish green; fine crystalline texture, slightly banded with quartzy layers, cleav- 
ing easily into plates about one-eighth of an inch thick. The surface is finely corrugated 
and has a silvery gray luster, and is porphyvitic with acicular crystals of amphibole. Sp. 
Gr. 2.88. No etfervescence in acid. BB. fuses at 4. to a black magnetic bead. Under 
the M. the sect:on appears to consist of amphibole, quartz and a few grains of magne- 
tite. The amphibole is in large slender fragments. The grains of quartz, as in No. 56, 
appear small and angular, and between the + nicols present a lianpid chromatic texture. 

No. 68 (Sp. 2210).— Hornblende slaty schist. 1200 N., 900 W., Sec. 30, T. 39, 
R. 18, Wis. 

Grayish-green; even crystalline, somewhat. arenaccous texture. Under the loupe the 
finely disseminated acicular crystals of amphibole are plainly visible. Splits readily into 
even plates of variable thickness. 

The cleavage planes are often covered with tiny glistening scales of yellow mica, and 
scattered in these micaceous layers are shining jet black crystals of hornblende. On a 
fractured edge it resembles No. 54. No effervescence in acid. BB. fuses at 4. toa 
black glass. 

No. 59 (Sp. 2219).— Hornblende schist. 1595 N., 400 W., Sec. 25, T. 39, R. 17, 
Wis. 

Dark gray; schistose structure. On splitting planes are minute scales of mica. 
With the loupe may be seen several cleavage facets of a pale greenish amphibole; also 
numerous minute grains of silica. Weathers toa lightdrab. No effervescence in acid. 
BB. fuses at 4. toa black magnetic bead. Under the M., in the polarized light, it 
presents a field thickly covered with long, somewhat bushy fragments of amphibole. 
The base consists of small angular g-ains of quartz. Scattered in the sections are sev- 
eral opaque grains of magnetite. 

No. 60 (Sp. 2217).— Quartzy hornblende schist. 1525 N., 400 W., Sec. 26, T. 
39, R. 17, Wis. 

Dark grayish-green, equally mixed with grayish-white. The former is due to amphi- 
bole, and the latter to quartz with a little calcite. Medium grained and massive. Con- 
choidal fracture. Somewhat jointed. With the lens many of the quartz grains present 
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a bluish tinge. Sp. Gr.2.80. Effervesces briskly in acid for a few moments. BB. 
fuses at 4. to a black magnetic bead. Under the M., similar to No. 57, only it contains 
more quartz. 

No. 61 (Sp. 2218). —Quartzy hornblende schist. 1275 N., 0 W., Sec. 26, T. 39, 
R. 17, Wis. 

Grayish-white mixed with greenish-black. Fine-grained, arenaceous texture. The 
dark-green mineral or substance cannot be recognized with the lens. Numerous facets 
of calcite crystals are visible. It resembles somewhat No. 60. Brisk effervescence in 
acid. BB. fuses at 4. toa magnetic glass. Under the M. the section has a micro- 
granular texture, composed of minute grains of quartz, which average not more than 
1-1000 of an inch. Strewn in this base are numerous fragments of amphibole and 
several leaves of biotite, also a little feldspar. 

With a power of 500 X can be seen in quartz grains several fluid inclusions. 

No. 62 (Sp. 2211). — Hornblende-gneiss. 500 N., 1700 W., Sec. 27, T. 39, R. 17, 
Wis. 

Dark-gray sprinkled with light-gray. Bright crystalline texture and schistose struct- 
ure, with broadly corrugated planes. : 

The broad corruzations are sub-corrugated with narrow ribs. On the splitting planes 
are numerous tiny bronze colored scales of mica. Sp. Gr. 2.93. Feeble effervescence in 
acid. BB. fuses at 4. toa magnetic bead. Under the M., between the + nicols, the 
amphibole appears to form about one-half the entire section. 

The base of the rock is composed of small angular fragments of feldspar and quartz. 
The foriner are often striated and are then easily recognized; when plain, however, and 
rounded, it is often difficult to distinguish the quartz from the feldspar. A few brownish 
leaves of biotite are visible. 

No. 63 (Sp..2229).— Hornblende schist. 1150 N., 550 W., Sac. 3), T. 39, R. 
18, Wis. 

Dark green, with seams of grayish-white, coarse semi-fibrous structure. The amphi- 
Lole is in large, slightly fibrous crystals, that are often bushy and bent. The grayish- 
white material consists of lime; easily recognized by its hardness and brisk effervescence 
in acid. Imperfect schistose structure. Fracture Jagged and uneven. Sp. Gr. 3.00. 
BB. fuses at 4. to a black glass. 

No. 64 (Sp. 2230).— Hornblende schist. 1150 N., 550 W., Sec. 30, T. 39, R. 18, 
Wis. 

Bright grayish green; very fine grained. Conchoidal fracture. The jointing sur- 
faces are sometimes covered with a coating of lime. Under the lens it presents an 
arenaceous texture, and numerous minute acicular crystals of amphibole can be recog- 
nized. Associated with the calcite are often grains of chalcopyrite. BB. fuses at 
4, with slight intumescence to a black glass. 

No. 65 (Sp. 2188). — Hornblende rock. 8. E. cor. Sec. 35, T. 49, R. 17, Wis. 

Greenish black sprinkled with light gray; very coarse-grained crystalline texture. 
Massive structure. The amphibole crystals are quite large, some of them being over 
half an inch across; their cleavage planes are usually warped, and often fibrous. 

But very little. if any, feldspar can be distinguished. With the loupe a few particles 
of pyrites are visible. Sp. Gr. 3.00. No effervescence In acid. BB. fuses at 4. toa 
black glass. Under the M. the section appears to consist largely of amphibole, inter- 
spersed in a feldspathic quartzy base. The amphibole is in large and small fragments; 
the latter are thickly strewn in the base. The feldspar (crthoclase) is in plain crys- 
tals, and is very much altered. The quartz grains are angular and small. Scattered 
in the section are several dark brown leaves of biotite; also a few opaque grains of 
pyrite. 

Sp. 2200, from 1900 N., 1000 W., Sec. 22, T. 39, R.17, Wis. Very similar to 

No. 65 (Sp. 2188). 
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No, 66 (Sp. 2181). — Hornblende rock, 1925 N., 0 W., See. 15, T. 40, R. 18, Wis. 

CGrayish-green; modiam grained tevtare, Missive structure, slightly jointed, Uneven, 
rough fracture. On some of the breaking surfaces are patchea of bronze colored mica. 
Disseminated an the rock as apparently considerable chlorite. A few cleavage planes 
of amnphibule can be recognize 1 Very tough, and not easily broken. Weathers to a 
tht drab, Sp. dir 2.00, No efPervescene in acid. BB. fuses with intumescence at 
4. toa black, slightly magnets glass, Uniler the M., in the polarized light, can be 
seen ampithole, chlomts, quar, bootits und orthoclase, The amptubole is the principal 
Ingredient and greatly exceeds all the other minerals contaimed, 

Sp. Zee, from PHO NL, 400 W., Se. 9, T. 49, Ro 18, Wis.) Very similar to No. 66. 

No. 67 (Sp. 2199). — Hornblende rock, T5IN., 92) W., See. 27, T. 40, R. 17, 
Wis. 

Gravish-green; medium grained crystalline texture. The cleavawze facets of the am- 
plubole are phunly visible, some of them measuring one-eighth of an inch in length. 
Massive; uneven conchoidal fracture. Seattered through the rock are particles of chal- 
copyrite, No effervescence in acid. BB. fuses with slight intumescence to a black 
ylass. 

Under the ML, the largo, somewhat bushy, fragments of amphibole are easily recog - 
nized, and form more than nine-tenths of the rock, Several small, angular grains of 
quartz resembling vein quartz are contained, also an amorphous viridite from altered 
wnphibole., 

No. 68 (Sp. 2212). — Porphy ritic hornblende rock.) 1475 N., 999 W., See. 35, 
T. 40, R. 17, Wis. 

Grayish-black; glistening. The base has an aphanitic, slightly sparkling, texture, 
and is porphyritic with numerous black, slender crystals of hornblende, measuring about 
one-fourth of an inch in lensth, which are scattered promiscuously through the mass. 

Uneven, conchoidal fracture. Massive and very jointed. In the joints are numer- 
ous, very minute, scales of bronze-colored mica. Weathers to a light greenish drab. 
Hardness, about 4. Feeble effervescence in acid. BB. fuses at 4. to a black magnetic 
bead. 

Under the M., a secticn of the rock is seen to consist of amphibole, quartz, a little 
inagnetite and few brownish leaves of biotite. The amphibole is in large, slender 
crystals. 

No. 69 (Sp. 2126). — Feldspathie hornblende rock. 1500 N., 500 W., Sec. 7, T. 
38, R. 20, Wis. 

Girayish- green; coarse-grained crystalline texture. On the surface may be seen several 
facets of crystals, resembling those of augite. The amphibole is easily recognized on a 
fresh fracture by its cleavage planes. 

Scattered through the specimen are patches of lime and bronze colored biotite. BB. 
fuses at 4. to a black glass. Under the M., in the polarized light, may be recognized the 
amphibole feldspar, quartz and brown biotite; also a little chlorite. The amphibole is 
in broken irregular fragments. The orthoclase is more or less altered. 

Sp. 2127 from, 750 N., 1250 W., See. 7, T. 38, R. 20, Wis., is very similar to No. 69. 

No. 70 (Sp. 2150). — Hornblende rock. 70 N., 2000 W., Sec. 10, T. 38, R. 19, 
Wis. 

Greenish-black, sprinkled with gray. Coarse crystalline texture. The crystals of 
amphibole are large and the cleavage, surfaces are usually curved or bent and appear 
fibrous. The grayish-white particles of silica are easily recognized under the loupe. 


1Dr. Arthur Wichmann, of Leipzig, has described this rock as a hornblende mica achist. There 
is probably a confasion of numbers here. These specimens were collected by myself from a 
low, massive, strongly Jointed ledge, with biotite as a secondary product deposited in the joints, 
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' Sp. Gr. 3.03. BB. fuses at 4. to a black magnetic bead. Under the M., very similar to 
No. 69. 

No. 71 (Sp. 2131).—Chloritic hornblende rock. (Provisional.) 1200 N., 1900 
W.., Sec. 20, T. 39, R. 19, Wis. 

Dark grayish-green; indefinite fine-grained texture. Somewhat schistose, with thin 
greenish films on the surface of the cleavage planes. Under the lens can be seen dis- 
seminated in the rock considerable chlorite, and coursing through it are grayish seams 
of lime. BB. fuses at 4. to a black magnetic bead. 

Under the M., in the polarized light, portions of the section present a very pretty 
field, resembling a hornblende schist; others are interspersed with large crystal frag- 
ments of orthoclase feldspar. The amphibole, quartz and feldspar are all easily recog- 
nized together with amorphic chlorite or viridite. 

No. 72 (Sp. 2101).— Altered hornblende rock. 1290 N., 1964 W., Sec. 24, T. 39, 
R. 30, Mich. 

Grayish-green; indefinite, approaching an impalpable texture. Somewhat schistose. 
Very jointed. The fracture is unevenly subconchoidal, and on it may be seen numer- 
ous small reddish grains. Hardness, 4-5. No etfervescence in acid. BB. fuses at 4. 
to a black glass. 

Under the M., the partially decomposed bushy fragments of amphibole are easily 
recognized; some of them are apparently twin crystals. Considerable chlorite is con- 
tained, also several grains of quartz, and irregular patches of viridite. 

No. 73 (Sp. 2174). — Altered hornblende rock. 1230 N., 100 W., Sec. 13, T. 41, 
R. 32, Mich. | 

Dark gray with a slight tinge of pink; fine to medium grained texture. Under the 
lens only an occasional crystal facet is visible. Dull, semi-vitreous luster. Uneven 
fracture; on some of the breaking surfaces is a thin calcareous coating. BB. fuses at 
4.5 toa black glass. Under the M., it appears very much altered and has a dirty brownish 
texture. Between + nicols can be recognized a few fibrous fragments of amphibole, 
grains of quartz and several grayish patches of lime. With a power 500 X can be seen 
the pale greenish viridite and an occasional brownish scale of biotite. 


Greenstones. 


No. 74 (Sp. 2072). — Diabase. 600 N., 250 W., Sec. 12, T. 38, R. 19, Wis. 

Dark grayish green. Fine grained crystalline texture. An occasional large crystal of 
striated feldspar is contained. The fracture has a rough, raspy feel. The hand speci- 
men resembles very much a hornblende-schist. With a strong lens numerous minute 
crystal facets are visible, Weathers slightly to a dirty drab. Sp. Gr.2.92. Very hard 
and tough. BB. fuses at 4.5 to a black bead. Under the M., in the polarized light, it 
presents a very pretty chromatic field. The feldspar is in slender twin crystals. The 
augite, readily distinguished from amphibole’ by its non-dichroism, complimentary 
colors, and position of the optic bisectrix to the principal crystal axis, appears to have 
been formed after the feldspar, as it encloses numerous feldspar crystals. 

No. 75 (Sp. 2114).— Diorite. 700 N., 2000 W., Sec. 10, T. 38, R. 20, Wis. 

Dark green, mixed with light green; coarse grained, massive, uneven conchoidal frac- 
ture. On the surface may be seen numerous facets of amphibole crystals and small, 
white grains (feldspar). Sp. Gr. 2.91. Feeble effervescence in acid. BB. fuses at 5., 
with brisk intumescence, to a blebby glass. Under the M., the section in the polarized 
light appears to have a coarse crystalline texture, composed of trictinic feldspar and a 
very pale greenish amphibole. The latter is somewhat fibrous. There is a grayish sub- 
stance contained, probably due to the decomposition of the feldspar. 


1Sec Tschermak. Akademie der Wissenschaften, June, 1869. 
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No, 76 (Sp. 2116).— Diorite. 163) N., 1450 W., See 15, T. 38, R. 20, Wis. 

Dark green, mottled with light green and grayish white. Coarse grained, crystalline 
texture, Jomted and massive, The cleavage facets of the amphibole are eaaily recog- 
maed. ‘The feldspar, asin No. 75, appears in whitish graina, Under the lens an occa- 
monal particle of chalcopyrite is vimble. Sp. Gr. 3.09, BE, some portions fuse with 
bnsk intumescence, 

Sp. 2268, from Sturgeon Falla, See. 27, T. 39, BR. 20, Mich., is very simular to No. 76. 

No. 77 (Sp. 2265). — Diorite. Sturgeon Falls, 1610 N., 460 W., Sec. 27, T. 39, B. 
20, Mich. 

Dark green, mottled with yravish-white; coane-gruned texture; massive stricture. 
The amplubole is easly recognized with the lens; also minute particles of iron pyntes. 
The grayish-white mineral is quite hard, and cannot be scratched with the knife; it has 
an uneven fracture, showing but ttle if any signs of cleavage. Sp. Gr. 3.08, BB. 
white mineral fuses at 5.0 Under the M., between the + nicols, the section appears to 
consist chiefly of amphibole and feldspar. The latter is very much altered, and often 
not easily recognized. The amphibole ia in small, irregular fragments, that are usually 
grouped in bunches, 

No, 78 (Sp. 2113). — Diorite. 800 N., 100 W., Sec. 15, T. 39, R. 30, Mich. 

Dark green, mixed with light green and gray; medium-grained texture. Some of 
the amphibole crystals are quite large. The feldspar forms apparently the base of the 
rock. Coursing through the rock are seams of calcite, and scattered in these are minute 
silvery-white scales (probably tale), which give the falcite the appearance of cipolino. 
A few apecks of chaleopynte can be distinguished with the lens. Sp. Gr. 2.8 BB. 
fuses at 4. to a black glass. 

No, 79 (Sp. 2109).— Diorite. 100 N., 0 W., See. 13, T. 39, R. 30, Mich. 

Greenish gray, mottled with light to dark green. The former, the ground-mass, is 
apparently feldspathic. The latter, the amphibole, is rather coarse grained. The 
weathered surface 1s grayish white and porphynitic, with partially decomposed crystals 
of amphibole. Mussive and jointed. Sp. Gr. 3.00. Brisk effervescence in acid. BB. 
fuses at 4.5 to a gravish glass. Under the M., the rock has an altered appearance. 
Tne amphibole is easily recognized, but the feldspar is very much changed; in some in- 
stances only a grayish mass remains, which blends imperceptibly into the base, thereby 
blurring the outlines of the crystal. 

No. 80 (Xp. 2112).— Diorite. 500 N., 1590 W., See. 14, T. 39, R. 30, Mich. 

Dark green; fine grained crystalline texture. Jointed, with chlorite in the seams. 
Disseminated in the rock are specks of iron and copper pyrites. Only an occasional 
crystal facet can be seen. Hardness about 5. Sp. Gr. 2.90. Feeble effervescence in 
acid. BB. fuses at 4. to a black glass, Under the M., in the polarized light, the feldspar 
and amphibole are easily recognized. The feldspar crystals are striated and often 
appear quite large. The amphibole is usually in fragments, that are sometimes very 
small; the smaller ones being scattered through the entire section. The rock is some- 
what changed. 

Sp. 2122, from 2000 N., 900 W., Sec. &, T. 38, R. 20, Wis., resembles No. 80. 

No. 81 (Sp. 2104). — Diorite. 1316 N., 1960 W., Sec. 24, T. 39, R. 30, Mich. 

Light-green; fine-grained texture. Uneven fracture and very jointed. On the sur- 
face can be seen numerous cubes of pyrite, also thin films or minute scales of hema- 
tite. Weathers to a pale-green. Hardness about 4. Sp. Gr. 2.86. Slight effervescence 
in acid. BB. fuses at 4. to a black glass. Under the M., the amphibole presents a 
bushy structure. The feldspar isin large fragments, The former, however, is largely in 
excess of the latter. Considerable chlorite is disseminated in the section; also a few 
grains of quartz and an occasional small, grayish patch of lime. 
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No. 82 (Sp. 2070). — Porphyritic diorite. Big Quinnesec Falls. N. W. ar., Sec. 8, 
T. 39, R. 30, Mich. 

Grayish-green; porphyritic with large grayish to greenish-white crystals of feldspar, 
which have a very indistinct cleavage. Cannot be scratched with the knife, and fuses 
at 4.5-5. The crystals are large, many of them measuring an inch in length. In the 
greenish base may be distinguished numerous facets of pale-green amphibole. A very 
little chalcopyrite is contained. Sp. Gr. 2.95. Slight effervescence in acid. BB., the 
base, fuses at 4. to a dark-green glass. 

No. 83 (Spec. 2182).— Diorite.’ 760 N., 1375 W., Sec. 17, T. 41, R. 31, Mich. 

Grayish-black; fine-grained texture. The surface is porphyritic with a few slender 
crystals, Massive structure. Uneven fracture. Weathers to anash-brown color. Sp. 
Gr. 2.80. BB. fuses at 4. to a black magnetic bead. Under the M., the amphibole is 
in sinall fibrous fragments, and forms apparently the base of the rock. It is somewhat 
decomposed and is yellowish-brown. Scattered in the base are several large twin crys- 
tals of feldspar, that often enclose numerous bright green leaves resembling chlorite. 

No. 84 (Sp. 2069).— Altered diorite. (Provisional). Big Quinnesec Falls, N. W. 
qr. Sec. 8, T. 39, R. 50, Mich. 

Dark grayish-green; fine-grained texture. Uneven, rough, jagged fracture. Scat- 
tered in the rock are numerous glassy grains of quartz, some of which are nearly one- 
fourth of an inch across. A few crystals of feldspar may be recognized; some of them 
are very indistinct and are quite large, measuring three-eighths of an inch in length. 
Very jointed. BB. fuses at 4. to a white, blebby glass. 

Under the M., it presents a gray crystalhne base, interspersed with crystals of feld- 
spar, more or less decomposed, and large rounded grains of quartz that enclose appar- 
ently portions of the base, reminding one of quartz contained in some of the volcanic 
rocks. But little amphibole is contained and that is mostly changed into viridite or 
chlorite. Disseminated in the base and feldspar crystals, are fibrous particles of 
viridite. 

No. 85 (Sp. 2062). — Altered diorite. (Prov.) Little Quinnesec Falls, 1125 N., 25 
W., Sec. 16, T. 39, R. 30, Mich. 

Greenish, mottled with grayish-white. Medium crystalline texture and massive 
structure. Interspersed in it are small silvery scales resembling talc. Sp. Gr. 2.88. 
BB. fuses at 5. to a white enamel. Effervesces slightly in cold acid, but briskly in 
hot acid, continuing for some time. The solution contains only a trace of magnesia. 
Under the M., in the polarized light, the section at first glance resembles No. 134. It 
has, however, a varied structure, some portions present a fine micro-granular texture, 
composed apparently of small grains of silica; others are bushy, and appear to be of 
fibrous fragments of chlorite or tale, and actinolite; the former scemingly derived from 
the decomposition of the latter and the several fragments of highly altered feldspar 
that are scattered in the section. Strewn through the entire base are numerous grayish 
patches of lime. ‘Their presence may be due to the change of amphibole. 

No. 86 (Sp. 2079). — Altered diorite or diabase. S. E. cor. Sec. 9, T. 40, R. 30, 
Mich. 

Grayish-green; fine-grained texture, often shimmering with minute scales of chlorite. 
Massive and somewhat jointed. Ona fresh fracture may be seen with the lens numer- 
ous simall warty-like projections, Sp. Gr. 2.89. Shght effervescence in acid. BB. 
fuses at 3.5 to a black glass. Under the M., between the + nicols, the base presents 
nearly a dark field, thickly strewn with slender twin-crystals of feldspar. The base is 


1 Here is evidently another confusion of numbers. Dr. Wichmann's 2182 is described as 4 mica- 
ceous hornblende-schist. The rocks of this locality are massive and the outcrops are large. See 
No, 90 (2149), just east of here on the Wisconsin side of the river. 
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apparently chloritic, and a few pale-yreenish fragments, in which the crystal axis and 
Optic bisectrix coincade, would seem to confinn this. A few fragments resembling those 
of amphibole are contained. With a power of 500 X the base appears composed largely 
of small pale-greenish leaves resembling those of chlorite. ‘Their remuning dark or 
nearly so with the crossed nicols, is owing, perhaps, to their thinners, 

No. 87 (Sp. 2155), — Altered diorite. 1720 N., 1600 W., Sec, 13, T. 40, R. 31, 
Mich. 

Light green; between medium and fine grained. Very jointed, cleaving into irregu- 
har shaped rhomba, Somewhat schistose, with calcite in the cleavage planes, Witha 
strong lens the amplubole may be recognized. Under the M., the rock appears very 
much altered. ‘The amphibole is easily recognized; but the feldspar is very indistinct 
and cannot usually be distinguished. 

No. 88 (Sp. 2119). — Hornblende-diorite, 1109 N., 2000 W., See. &, T. 38, R. 20, 
Wis. 

Dark green; medium grained crystalline texture. Massive. Numerous crystal facets 
of amphibole are visible, also an occasional one of feldspar; some of the latter are one- 
fourth of an inch across, With the loupe can be recognized considerable chlorite, Sp. 
Gir, SO. BB. fuses at 3.5 to a black glass. Under the M., it presents a greenish field 
composed largely of amplubole; but very little feldspar is contained. A few opaque 
grains of magnetite may be seen. 

No. 89 (Sp. 2105) — Hornblende-diorite, 1350 N., 1964 W., See. 14, T. 39, R. 50, 
Mich. 

Dark green; coarse grained texture. Uneven, rough fracture. Massive. Dissemi- 
nated in the specimen are numerous grains of magnetite. BB. fuses at 3.5 to a black 
magnetic glass. Under the M., the section presents a light green texture, with several 
opaque grains of magnetite, The green mineral, amphibole, has a fibrous, bushy struct- 
ure, and is mixed with a little chlorite. In the polarized light can be recognized a few 
apparently twin crystals of amphibole, also fragments of feldspar. 

Sp. 2107, from 1200 N., 40 W., See. 15, T. 39, R. 30, Mich., is very similar to No, 89. 

No. 90 (Sp. 2149).—Chloritic hornblende-diorite. 1700 N., 0 W., Sec. 14, T. 40, 
R. 18, Wis. 

Grayish green; coarse grained, crystalline texture. Rough, sub-conchoidal fracture. 
On the surface are plainly visible numerous crystal facets of amphibole. Disseminated 
in the mass are several specks of chalcopyrite. BB. fuses at 4. to a black bead. 
Under the M., in the polarized light, the large fragments of amphibole are easily recog- 
nized. The feldspar is mostly striated, and is in small fragments. A large amount of 
very pale greenish chlorite is contained. ; 

Sp. 2150, from Ifo N., 1475 W., See. 20, T. 40, R. 19, Wis., is very similar to No. 90. 

No. 91 (Sp. 2051). —Chloritie diorite. (Prov.) 1450 N., 800 W., Sec. 23, T. 38, 
R. 20, Wis. 

The base 13 greenish-black. A fresh fracture often shimmers with greenish to bronze 
colored chlorite, which is usually fibrous, resembling somewhat asbestus. Its fusibility 
and yielding water in the matrass distinguishes it from the latter mineral. Coursing 
through the rock in every direction are narrow, grayish, calcareous seams. Examined 
on the edge across the bedding, the fracture appears thickly dotted with small, green- 
ish-gray spots, having a hardness of 4.-0., while the base of the rock has a hardness of 
about 4. A few bright black grains of magnetite can be recognized. BB. fusibility, 5, 
Under the M., the amphibole and chlorite present a pale greenish texture; the former 
is only slightly dichroitic, which renders it difficult to distinguish it by this test. The 
relation of the optic bisectrix to the crystal axis (as is well known) readily separates the 
two minerals. ‘The base has a grayish cast, and is somewhat fringy. In the polarized 
light can be seen several highly altered fragments of triclinic feldspar. 


“408 GEOLOGY OF THE MENOMINEE IRON REGION. 


No. 92 (Sp. 2118). — Chloritic diorite. 0 N., 1160 W., Sec. 10, T. 33, R. 20, Wis. 

Dark grayish-green; even, fine-grained texture. Jointed and apparently schistose.- 
In the joints are thin films of chlorite. Hardness about 4. No effervescence in acid. 
BB. fuses at 4.5 to a black glass. Under the M., in polariz2d light, the rock presents a 
very altered appearance. The feldspar is apparently the least changed of the essential 
ingredients. The outlines of the large fragments of feldspar can be plainly seen; the 
feldspathic filling, however, is in small, broken fragments. The amphibole occurs as 
irregular, bushy fragments, but is easily recognizod. Scattered in the section are 
large, nearly amorphous, patches of viridite. 

No. 93 (Sp. 2063).—Chloritic diorite. 1080 N., 350 W., Sec. 15, T. 39, R. 30, 
Mich. 

Light-green, mottled with greenish-white. Indistinct, medium-grained texture. 
Somewhat schistose. Hardness 4-5. Disseminated in the rock is considerable calcite, 
which may be recognized under the loupe or by its brisk effervescence in acid. BB. 
fuses at 4.5 to a green glass. Under the M., between the + nicols, the section pre- 
sents an indistinct, bushy appearance. <A few shadowy outlines of large fragments of 
monoclinic feldspar can be seen. The small leaves of chlorite or tale are not easily 
recognized. With a power of 500 X the small pule-greenish leaves are plainly visible. 
Several small grayish patches of lime are strewn in the section. 

No. 94 (Sp. 2052). — Chloritic schist. 1200 N., 150 W., See. 24, T. 39, R. 30, Mich. 

Grayish-green; very fine-grained texture; schistose structure. On some of the cleav- 
age planes are thin films of calcite. Weathers to a greenish drab. 

The weathered surface appears to the unaided eye as if it were finely dotted with 
small holes, not more than one-eightieth of an inch across. Under a strong lens, how- 
ever, it presents a surface minutely sprinkled with brownish-black specks. A weathered 
edge of the rock shows plainly the schistose structure. Brisk effervescence in acid. BB. 
fuses at 4. toa dark green glass. Under the M., it presents a somewhat bushy structure, 
composed chiefly of chlorite, with a little fibrous amphibole. Scattered in the section 
are several nearly opaque grayish spots. The specimen is evidently partially decom- 
posed. 

No. 95 (Sp. 2053).—Chloritic schist. 1175 N., 150 W., Sec. 24, T. 39, R. 30, 
Mich. 

Light green. Weathers greenish to brownish drab. Schistose structure. The cleav- 
age surface appears broadly corrugated, and is minutely specked with grains of magne- 
tite, very similar in appearance to 2052. Hardness, 2-3. BB. fuses at 4. toa dark 
green glass. 

No. 96 (Sp. 2164).— Chloritic schist. 75 N., 400 W., Sec. 12, T. 41, R. 52, Mich. 

Dark drabish green. Slaty texture and shining luster. Cleaves readily into plates, 
that are straight in one direction, but across this line it has an indifferent cleavage and 
is finely and fibrously corrugated. No etfervescence in acid. BB. fuses at 4.5 toa 
magnetic bead. 

Sp. 2165, from 1950 N., 450 W., Sec. 13, T. 41, R. 32, Mich., is very similar to No. 96. 

Sp. 2168, from 900 N., 450 W., Sec. 9, T. 40, R. 18, Wis., is very similar to No. 96, 
only it is somewhat slaty in structure. 

No. 97 (Sp. 2183). —Chloritic schist. 250 N., 0 W., Sec. 31, T. 40, R. 18, Wis. 

Bright greenish black. Fine grained texture and steely luster. Cleaves readily into 
plates about one-eighth of aninch thick. On splitting planes it is brownish red. Streak 
powder dark green. With the lens may be seen a few octahedrons of magnetite. 
Hardness about 3. BB. fuses at 4. with intumescence to a black magnetic glass. 

No. 98 (Sp. 2108). —Chloritic schist. 1130 N., 100 W., Sec. 15, T. 39, R. 30, 
Mich. 

Very dark green, banded with seams of gray quartz. that are often parallel with the 
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lamination of the schist. Tinpalpable texture. Schistose structure; on cleavage shin- 
ing. Examined on the edye can be seen in the chloritic haminwe, numerous small specks 
of iron pyrites. Feeble ethervescence in acid. Hardness about J. BB. fuses at 4. to a 
bluck miuagnetic bead, 

No. 09 (Sp. 2078), — Chloritic schist. Four Foot Falls. 200 N., 760 W., See. 11, 
T. 3, 1.19, Wis. 

Dark green; even, aphanitic texture, and somewhat schistose structure, Strongly and 
inegulandy jointed,  Hiurdness about 3.9. Slight ¢tlervescence in acid. BB. fuses at 
3.0 toa black plass. 

No. 100 (Sp. 2056).— Chloritie schist. 900 N., S00 W., See. 24, T. 39, R. 390, 
Mich, 

Greenish to ash-gray, mottled with brownish spots. On a fresh fracture can be seen, 
under a strong lens, small pinkish grains. ‘The schistose structure ia rather imperfect; 
somewhat jointed, No etfervese-nce in acid. BB. fuses at 5. to bottle green glass. 
The rock is apparently a greenstone ash. 

No. LOE (Sp. 210)).—Chloritic schist. Sand Portage. 1275 N., 1960 W., Sec. 
24, Th 39, Re 0, Mich, 

Dark pea green; even, impalpable texture. Schistose structure not very apparent. 
Fracture more or less inditterent, and often conchoidal. Coursing throuyh the speci- 
men is a seam of pinkish dolomite nearly one-eighth of an inch wide. Hardness 
about 2.5. BB. fuses at4.5 toa dark green glass. Under the M., it presents a fibrous, 
somewhat bushy appearance, interspersed wit a few angular grains of quartz and an 
occasional patch of lime. Tue bushy mineral is evidently chlorite or viridite, and is 
Apparently altered actinolite. A few opaque grains are visible, some of which trans- 
mit a reddish light. They are probably those of hematite. 

No. 102 (Sp. 2102). —Chloritie schist. 1500 N., 1970 W., Sec. 24, T. 39, R. 30, 
Mich. 

Girayish-green to ash color. Impalpable texture and irregular schistose structure. 
On the edge and weathered surface may be seen numerous reddish grains. Coursing 
through the specimen are seams filled with white quartz. Hardness, 3.4. No effer- 
vescence in acid. BB. fuses at 4. to a black glass. Tne rock is probably a green- 
stone ash, 

No. 103 (Sp. 2110).—Chloritic schist. 1125 N., 200 W., Sec. 15, T. 39, R. 30, 
Mich. 

Dark green. Examined with the loupe, it appears to be an aggregation of minute 
scales of chlonte. Warped schistose structure. On cleavage surfaces often can be seen 
silver-gray talcy scales. Coursing through it are seams of calcite and quartz; also 
nuinerous particles of chalcopyrite. Streak powder dark green. Hardness about 8. 
BB. fuses at 4.5 to a black magnetic bead. 

No. 104 (Sp. 2141). —Chloritic schist. 200 N., 1500 W., Sec. 22, T. 40, R. 19, 
Wis. 

Dark grayish-green; aphanitic texture. Irregular schistose structure. Under a 
strong loupe can be seen numerous minute grayish grains of silica. Hardness about 3. 
No effervescence in acid. BB. fuses at 5. to a black magnetic enamel. 

No. 105 (Sp. 2106). —Chiloritic schist. 1240 N., 63 W., Sec. 15, T. 39, R. 30, 
Mich. 

Very dark green; aphanitic, somewhat vitreous texture. Irregular schistose struct- 
ure. Scattered through the rock are numerous grains of magnetite. On the cleavage 
surface are a few knotty projections, resembling those of black garnet, or possibly 
altered magnetite. Hardness about 3. BB. fuses at 4.5 to a black magnetic bead. 

No. 106 (Sp. 2148) — Chloritic slaty-schist. Michigamme Falls. 1700 N., 1600 
W., Sec. 16, T. 41, R. 31, Mich. 
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Greenish ash color; shimmering texture, slaty schistose structure. With the loupe 
can be seen on the edge considerable silica, and on cleavage planes minute bronze- 
colored scales of mica. Hardness about 3. No effervescence in acid. BB. fuses at 
4.5 to a gray glass. Under the M. it uppears arenaccous. The greenish leaves of 
chlorite are easily recognized, also brownish ones of mica. 

No. 107 (Sp. 2065).— Ferruginous chloritic slaty-schist. S. E. qr. of S. E. qr. 
Bec. 32, T. 40, R. 30, Mich. 

Dark brownish; aphanitic texture; slaty structure, splitting into thick plates; streak 
powder light brownish red; very siliceous and somewhat decomposed. Hardness about 
2.0. No effervescence in acid. BB. fuses at 4. toa black magnetic bead. 

No. 108 (Sp. 2236).— Micaceous chloritic slaty-schist. 1400 N., 1550 W., Sec. 
28, T. 39, R. 18, Wis. 

Bright, dark-grayish green; aphanitic texture; slightly shimmering luster on cleav- 
age planes; splits readily into plates from one-eighth to more than an inch in 
thickness. Scattered through the specimen are numerous bronze-colored to black 
scales of mica. To the knife edge it has an arenaceous feel, and the hardness is 
about 3. No effervescence in acid. BB. fuses at 4.5 to a black magnetic bead. 
Under ‘the M., between the + nicols, can be seen the mica, chlorite and quartz. In 
the plain light the chlorite appears pale greenish, and the mica (biotite) light brown. 
_ Interspersed in the section are many opaque grains resembling magnetite. 

Sp. 2239, from 400 N., 1350 W., Sec. 22, T. 39, R. 18, Wis., somewhat similar to No. 
1.8. Under the microscope very similar to No. 108. 

No 109 (Sp. 2097). — Arenaceous chloritic schist. Bad Water village, Lot 3, Sec. 
30, T. 41, R. 30, Mich. 

Dark green, sprinkled with gray; even, fine grained texture. Weathers to a light 
greenish drab, and on outer weathered surface is often pinkish. Schistose structure, 
and jointed. The cleavage planes appear often fibrously corrugated. Hardness about 
3. No effervescence in acid. BB. fuses at 5. to a dirty green glass. 

No. 110 (Sp. 2144).— Arenaceous chloritic schist. 850 N., 100 W., Sec. 18, T. 
40, R. 19, Wis. . 

Grayish green Shimmering luster on cleavage planes, and arenaccous on edges. 
The former are often fibrously corrugated. Brisk effervescence in acid. BB. fuses at 
4. to a black glass. Under the M., in the polarized light, it appears to be an aggrega- 
tion of very pale greenish leaves of chlorite, small grains of quartz and grayish patches 
of lime. The schistose structure is very apparent. 

Sp. 2143, from 330 N., 700 W., Sec. 17, T. 40, R. 19, Wis. Dark grayish green, with 
calcite in the joints. Very similar to Sp. 2144. 

No. 111 (Sp. 2227). — Arenaceous chloritic schist. 1250 N., 1000 W., See. 30, T. 
39, R. 18, Wis. 

Dark grayish green; very fine grained, even texture. Slightly glistening. With the 
loupe it appears arenaceous and the dark green chlorite is plainly visible. The cleavage 
surfaces are often slightly corrugated. Apparent hardness, about 3. No effervescence 
in acid. BB. fuses at 5.0 toa black enamel. Under the M., between the + nicols, 
the rock appears to be about an equal mixture of chlorite and quartz. The fragments 
or leaves of the former and grains of the latter are quite small. The majority of them 
measuring not more than 7}, of an inchacross. A little actinolite and viridite is con- 
tained. 

Sp. 2228, from same locality as No. 111, appears to be only a finer grained variety of 
the same. | 

No. 112 (Sp. 2128). — Quartzose chloritic schist. 1250 N., 1000 W., Sec. 7, T. 
38, R. 20, Wis. 

Grayish-white, mixed with light green, and seams of buff-colored lime. The quartz 
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has a vitreous, watery t ature, resembling vein-quartz. The chlorite is largely con- 
taincd, andl is unevenly distubuted. Irregular selistose atructare, often warped, with 
taley layers in the cleavage planes. On weathered surface of the edye, as seen in the 
bed, it presenta a rough, warty appearance, very similar to a volcanic dyke. The bed 
is about twenty feet wide, and conformed with the strike and dip of the f rmation with 
which it is msociated, Under the lena, can be recognized copper and iron pyntes, 

No. 113 (Sp. 2170). — Feldspathice chloritic schist. 750 N., 40 W., Sec. 9, T. 
40, R. 18, Wis, 

Greenish ash, sprinkled with shades of yellow; very indefinite; medium-grained 
texture; irregular schistose atmictur’; surface rough and uneven. Hardness about 3. 
No effervescence in acid, BB. fuses at 4. to a black prliassy bead. Under the M., 
between the + nicola, ean be recoynized the chlorite and small grains of quartz, also 
considerable decomposed actinolite and fragments of feldspar, 

No. Tt4 Sp. 202), — Culeareous chloritie schist. 99) N., 190 W., Sec. 1s, T. 
49, R. 19, Wis. 

Dhirty-pyray mottled with dark-green. The gravish portion is apparently feldspathic, 
and the green, chiontic. Irregular warped schistose structure. Hardness 3-5. Brisk 
eff rvescence in warm acid. BB. greenish portion fuses at 4.5 to a black glass. Under 
the M., portions of the section have a gravish texture, interspersed with leaves of 
chlorite and slender fraginents of actinolite; others are schistose with layers of chlorite 
and small grayish grains, Scattered in the section ure fragments of altered feldspar. 

No. 145 (Sp. 2247). — Caleareous chloritic schist. 150 N., 900 W., Sec. 28, T. 
49, R. 18, Wis. 

Greenish-gray, spotted with a shade of buff. Fine-grained texture. Under the 
loupe the groundmass anp ‘ars arenaceous and is interspersed with greenish and grayish, 
iegular shaped particles; schistose structure, Weathers deeply; on surface dirty-drab 
to brown, below the surface, ochreous yellow. The small spots noticed above average 
about 1-16 of an inch and etfervesce briskly in acid, and are partially dissolved. 
Hirdness about 4. BB. fuses at 4. toa black glass. Under the M., the grayish, often 
sli shtly banded crystals of calcite are easily recognized. The chlorite is in crystalline 
scales and la-g> amorphous patches. Disseminated in the rock are numerous small grains 
of quartz. 

No. 116 (Sp. 2037).— Magnetic mica-schist. 2000 N., 2000 W., Sec. 8, T. 41, R. 
30, Mich. 

Greenish-black, sprinkled with gray. Fine-grained, even texture. Cleaves readily 
into thick slates, the surfaces of which are often covered with small bronze colored 
scales of mica, Strongly magnetic. Hardness about 3. Streak powder dark green. 
BB. fuses at 4.5 to a black magnetic scoriaceous mass. 

No. 117 (Sp. 2117).— Talco-chloritic schist. 1700 N., 1430 W., Sec. 15, T. 38, R. 
20, Wis. 

Light pearly grayish-green. Talcy, shimmering luster. Warped schistose structure, 
splitting readily into thin scales. Interlaminated with these are thin grayish dolomitic 
seams. Hardness about 3. BB. fuses at 5. with brisk intumescence to a black glass. 

No. 118 (Sp. 2142).— Talco-chloritic schist. 200 N., 1600 W., Sec. 22, T. 40, R. 
19, Wis. 

Light grayish-green, with a purplish brown tint. Talcy, slaty structure and warped 
schistose, fabrous texture. Hardness about 2.5. No effervescence in acid. BB. fuses 
at 4.5 to a dark green glass. 

No. 119 (Sp. 2044).— Talco-chloritic schist. (Provisional.) 8. W. qr. of N. E. 
gr. Sec. 23, T. 41, R. 31, Mich. 

Light grayish-green; very even talcy, shimmering luster; slaty schistose structure, 
cleaving readily into irregular plates. On the splitting planes is often a thin film of 
lime. Slightly jointed. Hardness about 3. BB. fuses at 5.5 to a green enamel. 
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No. 120 (Sp. 2054). — Taleo-chloritic slaty-schist. 1150 N., 150 W., Sec. 24, T. 
39, R. 30, Mich. 

Pearly pale greenish gray. Slightly shimmering, slaty texture. Cleaves into iniper- 
fect slates. The edges of a fracture appear banded with alternate layers of greenish 
and pinkish gray, averaging about one-sixteenth of an inch in thickness. The former 
are chlorite and have a hardness of 2 to 3. The latter are apparently feldspa- 
thic with a hardness of 4 to6. Weathers deeply; on the outer surface to a brown- 
ish drab; below the weathered surface for nearly one-half an inch it is stained a dark 
brown. The cleavage planes are finely corrugated. Very brisk effervescence in acid, 
continuing for some time. BB. fuses at 4-5 toa light grayish green glass. Under the M., 
the pale greenish chlorite is hardly distinguishable from the grayish tale. In the polar- 
ized light the lime is easily recognized by its rhombic striations, and that, between the 
+ nicols, it affords a dark field, when the principal plane of the prisms is parallel to a 
diagonal bisecting either of the angles of the rhomb. This distinguishes it’ from the 
talc in the section, since it becomes dark when the edge of one of the fragments coincides 
with the principal plane of either of the crossed nicols. Numerous grains of quartz and 
a few fragments of feldspar are contained. 

Sp. 2055, from 1050 N., 150 W., See. 24, T. 39, R. 30, Mich., is very similar to No. 
120. 

No. 121 (2075). — Chloritic slate. (Provisional.) Four Foot Falls. 19)0 N., 1000 
W., Sec. 14, T. 89, R. 19, Wis. 

Dark-green; on cleavage surface often a pearly grayish-green. Cleaves readily into 
thin, wavy sheets; besides these broad corrugations may be observed minute fibrous 
ones, resembling at first glance fine striations. Hardness about 3. BB. fuses at 5. toa 
dirty yellowish-green glass. 

No. 122 (Sp. 2147). — Chloritic slate. (Provisional.) 1375 N., 750 W., Sec. 14, 
T. 40, R.18, Wis. 

Dark-green; slaty texture and shining luster. Very fissile, cleaving readily into 
thin, more or less perfect slates. Streak powder green. Hardness about 3. No effer- 
vescence in acid. BB. fuses at 4.5 to a black magnetic bead. 

No. 123 (Sp. 2137). — Chloritic slate. 800 N., 250 W., Sec. 12, T. 40, R. 31, Mich. 

Dark grayish-green; aphanitic texture; slaty structure, cleaving into imperfect 
slates. On the surface of the plates it has a drabish-bronz2, shimmering texture. 
Hardness about 3. BB. fuses at 4. to a black magnetic b2ad. 

Sp. 2179, from 1890 N., 50 W., Sac. 15, T. 40, R. 18, Wis., is apparently a less altered 
variety of No. 123. 

No. 124 (Sp. 2251). ~ Pyritiferous chloritic slate. 450 N., 1509 W., Sec. 36, T. 
40, R. 17, Wis. 

Bright greenish-black; aphanitic texture. Not very fissile, but still may be split with a 
little care into irregular plates about an eighth of an inch thick. Under the lens nothing 
definite as to its composition can be made out. On a side fracture are visible several 
thin seams of iron pyrites. Hardness 3.5-4. BB. fuses at 4.5 to a black magnetic mass. 
Under the M., the pale-greenish chlorite and large leaves of brown mica are easily 
recognized. Thickly strewn in the section are fine particles and ragged shreds of carbon. 
Numerous grains of quartz are contained. 

No. 125 (Sp. 2140).— Pyritiferous chloritic slate. 580 N., 1810 W., Sec. 12, T. 
39, R. 19, Wis. 

Greenish-black; aphanitic texture. Slaty structure, cleaving into more or less per- 
fect slates. It has a hardness of about 4, and rings when struck with the hammer. 
Disseminated in it are iron pyrites, often in narrow seams, but usually in scattered bright 
yellow cubes. Pale-greenish streak powder. Brisk effervescence in acid for a few 
moments. BB. fuses at 4. to a black magnetic bead. Under the M., with a power of 
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12), the section presenta a dirty appearance, affording but very little light between 
crowed nicola, With a higher power it appeara to conmst largely of munoute puale- 
greenish leaves of chlomte. 

No. 126 (Sp. 2190), — Pyritiferous chloritic slate. 300 N., 200 W., Sec. 26, T. 
40, RL 17, Was, 

Dark greenish black; aphanitic texture, slightly sparkling with minute black shining 
specks. InterLuninated with the slates are thin seaina and elongated particles of iron 
pyrtes, Cleaves easily into noperfect slates. Along the splitung planes it ig somewhat 
decomposed, Hardness, about 3. Streak powder, a dirty green, No effervescence in 
aod. BEB. fuses at 4. to a black magnetic bead. 

No. 127 (Sp. 2077). — Taleosa schist. 209) N., lw W., See. 26, T. 40, 8. 31, 
Mich. 

Light pea-ygreen; talcy texture, Weathers toa deep md. Irregular warped schist- 
ose structure. Hardness 2 to 3. BB. fuses at 4.5 toa very pale green hiss. 

No. 128 (Sp. 2270). — Taleose schist. Sturgeon Falls. 40 N., 2.0 W., See. 27, T. 
oJ, KR. 29, Mich. 

Laght grayish green; taley texture, Corragated warped schistose structure. The 
cleavage planes are often minutely forellated.'| Weathers to un ochreous brown. Hard- 
ness about 3.0 Shicht effervescence in acid. BB. fuses at 4. to a black glass. 

No. 129 (Sp. 2262). — Taleose schist. Sturgeon Falls. 1670 N., 500 W., Sec. 27, 
T. 30, R. 29, Mich. 

Light grayish-yreen; foliated, taley texture and warped schistose structure; slightly 
fibrous. Has a greasy feel, and is quite soft. Brsk effervescence for a short time. 
BB. fuses at 5.5 to a grayish enamel. 

No. 130 «sp. 2064). — Talcose schist. Little Quinnesee Falls. 1070 N., 370 W., 
See. 15, T. 39, R. 30, Mich. 

Light gray; warped schistose structure. The cleavage surface has a taley, silvery- 
gray, shimmering luster. Eitfervesces briskly in acid for a few minutes. Hardness 
about 2.0. BB. fuses at 5. to a pale green glass. Under the M., in the polarized light, 
the fibrous tale 1s easily recognized. The base of the rock appears to consist largely of 
small grains of quartz. Interspersed in it are several grayish patches of lime. 

No. 131 (Sp. 2u73).— Talcose schist. Big Quinnesec falls. N. W. qr. Sec. &, 
T. 39, R. 30, Mich. 

Light pearly grayish-green. <A fresh fracture has a talcy, shimmering luster. 
Warped schistose structure, and finery corrugated. On the edge may be seen a few 
grains of glassy quartz. Interlaminated with the talcy folia are hard layers, resem- 
bling those of felsite. BB. fuses at 5. to a white enamellar glass. 

No. 132 (Sp. 2082). —Chloro-taleose schist. (Prov.) 1250 N., 1750 W., Sec. 30, 
T. 41, R. 31, Mich. 

Gireenish-gray; even, impalpable texture. A fresh fracture sparkles with minute 
scales resembling those of tale. Uneven schistose structure. Hardness, 1-2. Batters 
under the hammer. Apparently somewhat decomposed. No effervescence in acid. 
BB. fuses at 0. to a greenish enamel. 

No. 133 (Sp. 2067). — Chloro-talcose slate. (Prov.) S. E. qr. of S. E. qr. Sec. 32, 
T. 40, R. 30, Mich. 

Ash-gray; on the edge it has a slight brownish tinge. Cleaves into thick curved 
slates. On cleavage surfaces, slightly shimmering. Quite soft and partially decom- 
posed. No effervescence in acid. BB. fuses at 5. toa magnetic bead. Under the M., 
between the + nicols, it presents an even crystalline texture. The base is composed of 
minute crystalline particles, and an amorphous substance. The former are in small 
grains and slender crystals, the longest of which are not more than 1-1000 of an inch. 


Spotted like the ekin of a trout. 
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A few of these slender crystals can be recognized as actinolite, from the inclination of 
the optic bisectrix to the principal crystal axis. The amorphous substance has a dirty 
brownish appearance. 

No. 134 (Sp. 2061). — Chloro-taleose schist. (Prov.) Little Quinnesec Falls. 1140 
N., 225 W., Sec. 15, T. 39, R. 30, Mich. 

Purplish to greenish-gray. To the unaided eye it presents an aphanitic crystalline 
texture. Schistose structure. The surface of the cleavage planes is usually corrugated, 
and on a fresh one, may be seen numerous very minute white scales, resembling those 
of tale. Weathers to a reddish-brown. Feeble effervescence in cold acid, but brisk in 
hot. BB. fuses at 4. toa black, slightly magnetic bead. Under the M., in the polar- 
ized light, the section presents a semi-granular crystalline texture, and is interspersed 
with numerous grayish patches, resembling dolomite. The base of the rock is composed 
principally of small grains of silica, and a grayish substance that becomes dark between 
the + nicols. There are numerous small fragments, resembling those of chlorite or 
talc. 

No. 135 (Sp. 2071).—Talcy feldspathic slaty-schist. Big Quinnesec Falls. N. 
W.. ar. Sec. & T. 39, R. 20, Mich. 

Flesh color on the edge, and silver gray and flesh color mottled with dark green on 
cleavage surface. The edge appears slightly banded with irregular (not continuous) 
dark green, thin layers. It appears studded on the edge with a few grains of quartz 
and feldspar; the lamine folding around them. The silver gray color is due to very 
thin layers of talc. ‘The pinkish portion is apparently feldspathic, and has a hardness 
of 5.6, and fusibility a little above 5., fusing to a white enamellar glass. Under the 
M., between the + nicols, it appears crystalline. Some portions of the section are com- 
posed of minute grains of quartz, others have a soft gray fleecy fibrous texture, while 
others are micro-granular and are stained brownish, evidently due to decomposition. 
Scattered in this varied base are several highly altered crystals of feldspar and large 
grains of quartz, enclosing apparently portionsof the base. little chloriteand mag- 
netite may be recognized. The fibrous portion of the section noticed above resembles 
tale. With a power of 500 X can be seen in the quartz grains numerous dancing 
bubble cavities. 

No. 136 (Sp. 2157).—Chloro-argillaceous slate. N. E. cor. Sec. 16, T. 40, R. 18, 
Wis. 

Light pearly pea green; slaty texture. Weathers to c brownish red. Slaty schist- 
ose structure; cleaves readily into slates more or less perfect. Hardness about 3. 
No effervescence in acid. BB. fuses at 4.5 toa greenish glass. 

Under the M., between ,the X nicols, portions of the section appear dark, owing to 
a thickly disseminated brownish substance; others have a soft. gray, micro-granular text- 
ure. With a power of 500 X can be seen a pale greenish mineral, resembling chlorite. 

No. 137 (Sp. 2237).—Chloro-argillaceous slate. 1325 N., 1050 W., Sec. 28, T. 
39, R. 18, Wis. 

Light bluish-black; impalpable slaty texture. Cleaves readily into imperfect slates. 
Emits a strong clay odor when breathed upon. Hardness about 3.5. BB. fuses at 
4.5 to a gray blebby glass. | 

No. 138 (Sp.2185).— Chloro-argillaceous slate. (Prov.), 500 N. 1840 W., Sec. 33, 
T. 40, R. 18, Wis. 

Greenish siate color; very even, aphanitic texture. Cleaves readily into plates from 
one-eighth to three-quarters of an inch thick; the latter have a smooth conchoidal frac- 
ture and are jointed. Hardness about 3.5. Under the M. it presents a greenish brown 
base; between the + nicols, the section appears thickly strewn with minute crystalline 
grains resembling silica. 
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No, 139 (Sp. 2244).— Chloroargillaceous slate. 2000 N., 600 W., See. 28, T. 2.9, 
R. 19, Wis. 

Slate color. Aphanitic, impalpable texture, Bright, shimmering luster. Very fissile, 
splitting into thin, regular plates. Handness 2.0 to 3. BB. fuses at 5.5 to pale greenish 
Bray pels, 

No. 40 (Sp. 2253).— Chloro-argillaceous slate. Lake Hanbury, See. 16, T. 39, 
R. 2) Mich. 

Blush black; aphanitic texture. Imperfect slaty textare, somewhat shaly and jointed. 
On the jointed surface it appeans imeyularly banded at an oblique angle to the cleavage. 
Whether these mdistinct bands are the bedding planes, is dithcult to decide from the 
small hand specamens. Lying an the splitting planes are thin seams of pyntes, BE, 
fuses at 5. toa pale greenish gray glass, 


Iron ore rocks (See Economic Cuapten). 


No, 141 (Sp. 2076).— Siliceous magnetic ore. Mouth of Pine river. 1300 N., 14>0 
W., See. 22, TL 39, RL 19, Wia. 

Broadly banded with metallic steel gray, and dark purplizh brown to grayish brown. 
The former are layers of steely magnetite; the latter are an admixture of magnetite and 
the sesquioxides of iron and arenaceous quartz. Streak powder dark purplish brown. 
Strongly magnetic. Sp. Gr. 3.00. 

No. 142 (Sp. 2245).— Garnetiferous magnetic ore. 1150 N., 950 W., See. 28, 
T. 39, R. 1s, Wis. 

Bluish black, mottled with garnet. Indistinct. medium grained texture. Bright 
metalhe luster, The garnets, easily recognized by their color, fracture, hardness and 
fusilility, are in irregular shaped bunches and grains. Some of them are half an inch 
Qeross, Somewhat schistose in structure, Strongly magnetic. Sp. Gr. 4.17. 

No. 143 (Sp. 2154).—Steely specular iron ore. Eagle Mine. 25 N., 10 W., 
Sec. 20, T. 40, R. 18, Wis. 

Brownish purple. Aphanitic texture, Irregular banded structure. Coursing through 
the ore and disseminated in it are seams and fragments of vein quartz. Hardness about 
o. Streak powder red. Sp. Gr. 3.60. 

No. 144 (Sp. 2156). —Steely specular ore with vein quartz. 1870 N., 1950 W., 
Sec. Lo, T. 40, R. 18, Wis. 

The ore is bluish to purplish brown, and the quartz is grayish white. The former has 
an aphanitic to flinty texture and the latter a vitreous texture. Disseminated in the 
specular ore are radiated clusters of brown iron ore. Sp. Gr. 3.36. 

No. 145 (Sp. 2241). —Siliceous hard hematite. 1500 N., 1050 W., See. 28, T. %), 
R. 18, Wis. ; 

Dark shale of purple; aphanitic steely texture. Some portions of it, by very care- 
ful observation with a strong lens, appear to be an altered variety of No. 49 (Sp. 
224). Schistose structure. Very hard and siliccous; some of the fractures acrosg the 
lamination are covered with a thin indescent film, possibly that of an oxide of man- 
ganese. Streak powder red. Sp. Gr. 3.20. 

No. 146 (Sp. 2056).— Flag ore or banded siliceous ferruginons slate. S. E. qr. 
of S. E. qr. Sec. 32, T. 40, R. 30, Mich. 

Dark metallic purplish blue, banded with grayish brown. The former layers have an 
aphanitic texture and bright metallic luster. They are composed of a jasper oxide of 
iron and afford a brownish powder. The latier are arenaceous. Sp. Gr. 3.47, 

No. 147 (Sp. 2)30). —Flag iron ore. 1600 N., 1000 W., Sec. 20, T. 40, R. 80 
Mich. ; 

Purplish steel gray; flaggy or jointed schistose structure. Under the lens, it presents, 
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a fine grained arenaceous texture and semi-metallic luster. Slightly friable. Streak 
powder purplish brown. Sp. Gr. 3.00. 

No. 148 (Sp. 2152).— Banded ferruginous schist. 640 N., 1900 W., Sec. 21, T. 
40, R. 18, Wis. 

Grayish white banded with shades of brown. Schistose structure. Coursing through 
the specimens are‘seams of vein quartz. The thin layers of oxide of iron are very much 
decomposed and mostly changed to a hydrous yellow oxide. Some of the layers or 
bunches of quartz have an arenaceous appearance. When scratched with the knife it 
leav2s a shining streak. 


Carbonaceous rocks. 


No. 149 (Sp. 2134).— Carbonaceous argillaceous schist. 250 N.,160 W., Sec. 11, 
, 89, R. 19, Wis. 

Bluish black. Impalpable texture. Very jointed and schistose structure. In the 
joints is usually a lemon to buff colored substance, apparently due to the decomposition 
of the iron pyrites, irregularly disseminated in the rock. The specimen is evidently 
highly carbonaceous. No effervescence inacid. Streak powder black. Hardness about 
4.5. BB. fuses at 5. with slight intumescence to a gray blebby glass, 

No. 150 (Sp. 2197) — Siliceous plumvaginous schist. 425 N., 500 W., Sec. 25, 
T. 40, R. 17, Wis. 

Grayish-white and bluish-black. Jrregular schistose structure. The quartz is in 
thick, uneven bands. The graphitic layers are easily recognized by their luster and 
shining black streak. The rock is highly ferruginous, as it fuses at 5. to a black 
magnetic enamel. 

No. 151 (Sp. 2153).— Plumbaginous schist. 650 N., 1900 W., Sec. 21, T. 40, R. 
18, Wis. 

Bluish-black dull to graphitic texture. Very fragile. Irregular warped schistose 
structure. Hardness about 2.5. Streak shining. Gives a black powder, and soils the 
fingers when handled. No effervescence in acid. BB. becomes grayish-white without 
fusing. Moistened with cobalt solution it becomes blue. 

Sp. 2196, from 500 N., 600 W., Sec. 20, T. 40, R. 17, Wis., is similar to No. 151 (Sp. 
2153). 

Sp. 2169, from 800 N., 450 W., Sec. 9, T. 40, R. 18, Wis., is very similar to No. 151, 
only it fuses at 4.5 toa light gray g'iass. 


Granites. 


No. 152 (Sp. 2084). — Protogine-granite. S. E. qr. of 8. E. qr., Sec. 17, T. 41, 
R. 50, Mich. 

Flesh color to grayish-white; unevenly sprinkled with dark green. The first is due to 
the orthoclase, easily recognized by its broad, plain cleavage facets. The second, the 
quartz, best seen on a weathered surface, where decomposition has rendered the irregu- 
lar grains prominent. The latter, the dark-green mineral, is quite soft and apparently 
much altered, and resembles chlorite. On the jointing or cleavage surfaces may be seen 
minute silver-gray scales very similar to those of tale. Under the M., the crystals of 
orthoclase appear plain; some of them are partially decomposed and enclose often grains 
of quartz. The quartz grains are angular and large. The chlorite is in pale-greenish 
leaves and is scattered in the matrix; also in the grains of quartz. With a power of 
500 X can be seen a few dancing bubble cavities. There are other cavities containing a 
stationary bubble, even when heated above 100° C.; the latter inclusions in many 
respects resemble those of glass. The refractive index of the filling is nearly equal to 
that of the quartz, as only a faint narrow line forms the division, while the bubble is 
outlined by a broad dark ring. It is possible that these may be filled with a highly 
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saturated saline liquid. The bubbles of the fluid cavities remain lively when heated, 
but do not disappear.! 

No. fo (Sp. 2120), — Granite. SOO N., 0 W., See. 12, To 58, R19, Wis. 

The feldspar ia grayish to reddish-white. Many of the erystals are quite large, meas- 
uring an inch acrows, The quartz is in irregular shaped masses, and has a dull, vitre- 
ons duster, and forms apparently the groundinass of the rock. The mica is brownish- 
black to biack, and is seattered) prommscuously in the specimen. Under the M., it 
presents acoarss, granular structure. The fellsparerystals (orthoelase) appear large. 
They show well the ditferent shades of decomposition, from a slight cloudiness to a dull- 
graymasa, The quartz presenta a clear watery chromatic texture, and an angular patchy 
structure, ‘The dark-colored mica ia ewaly recognized, and, like hornblende, is 
often strongly dichroitic. The position of the bisectrix to the crystal axis readily distin- 
Kinshes it. With a power of O69) X can be seen in the quartz grains numerous inclu- 
sions, similar to these in No. 152, 

No. 154 (Sp. 2271). — Protogine. (Prov.) 1230 N., 8°50 W., Sec. 27, T. 3%, R. 
21, Wis. 

Grayish-pinkish-red on edge and end fracture? and yellowish-gray on cleavage, 
sprinkled with greenish-black, and tinged with an indistinet pinkish red. Cherty fel- 
sitic texture. Schistose structure, Cleaving readily into plates. Under the lens, no 
erystals of the essential minerals are visible. As accessories may be recognized numer- 
ous cubes of iron pyrites. A thin coating of lime often covers the splitting planes. 
Slight efferveseence in acid for a moment. BB. fuses at 4.5 to a white pearly glass. 
Under the M., the section appears to be very much altered, only the grains of quartz 
remain unchanged, Between the + nicols it presents a grayish, patchy appear- 
ance. A few decomposed fragments, resembling feldspar, may be seen; also a little 
tale and chlorite. What the rock originally was is difficult, from the small hand speci- 
men, to decide. In composition and texture, it resembles protogine. 


See C. E. Wright's Annual Report for 38.7. 
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CHAPTER IIT. 


WESTERN AND SOUTHERN EXTENSION OF THE 
MENOMINEE RANGE. 

This chapter embraces the continuation of the Huronian series to 
the west of the ground covered mutually by Major T. 2B. Brooks and 
myself in ISt4. It is purposed, however, to give only a general out- 
line of this later field work, since a detailed geological description 
would be but an uninteresting repetition of the same essential points 
already given by Major Brooks in a previous chapter'of this report. 
I will give a geological cross section along the line A-B (see map), 
and project into it from either side, the different strata, s0 as to 
make our section as complete as possible. 

This ean be done without relying altogether on the lithological 
characteristics of the rocks, as will be seen from the plan of our tieid 
operations, which consisted of running parallel north and south lines, 
one-quarter to one-third of a mile apart, and taking on these lines 
magnetic observations with the dial compass and dipping needle at 
every one hundred steps. We noted also the topography, the soil, 
and the timber. See table at the end of chapter, giving quality 
and quantity of timber, ete. 

By means of the lines of attraction which we crossed, and in some 
instances traced out, we were thus enabled to connect widely sepa- 
rated outcrops. 

We will now begin with the youngest member of our geological 
section, the upper granite. That this granite 1s younger than the 
lower Huronian, I think admits of no doubt. We find the latter 
dipping under the former, and veins of the former penetrating the 
latter; but that it belongs to the lower IL[uronian, is in my mind an 
open question (see page 206). It may be said that this upper granite 
in the Menominee district, as far as we know, 13 usually underlaid by 


5 ad 
4 


formation XIX of our cross section, but we must remember that ATX 
is a wide belt. 

This granite is massive, rarely if ever shows any signs of bedding, 
though an apparent stratification or grain is sometimes visible; that 
is, the longer axes of the feldspar crystals appear to have a common 
trend, but this may be due to pressure. 
TY Chapter I, Pt. VIL, this Vol. 
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Outcrops of the upper granite are very numerous south of the two 
Quinnesec falls; but exposures of it in range 17 and westerly there- 
from, near its junction with the lower Iluronian, are exceedingly rare; 
still, the topography of the country, the quality of the soil and timber, 
and frequency of large angular boulders of granite immediately out- 
side of the lower Iluronian area, indicate very well the character of 
the underlying rock. 

The most westerly ledge of granite I have seen, on the Menominee 
range, was in Sec. 27, T. 41, It. 13 E., or about three miles south of 
Brulé lake. North of this, about one mile, is a hornblende rock. In 
renges 13,14 and 15, we found in the Pine river numerous large 
granite boulders, and in Sec. 9, T. 39, R. 14, on the river, is a ledge 
of gneissoid granite, strike N. 80° E., and dip high to south. 

In ranges 16 and 17, immediately south of the hornblende schists, 
the granite boulders appear; the soil is then of a poorer quality, the 
softer kinds of timber predominate, and the topography changes. 
Low rounded hills or oblong ridges and deep amphitheater-like de- 
pressions (pot holes) are quite common. The water of the swamps, 
unlike that of the clear spring water within the Hluronian area, has a 
brackish taste. An observing person, in passing from the Huronian 
to the granite, cannot fail to note the strong contrast. 

The upper granite is well represented by the granite ledges south 
of Quinnesec falls (see description No. 153, page 717), and, also, by 
the most westerly outcrop we have just noted of this rock. This 
latter is reddish gray in color, mottled with dark patches of fine par- 
ticles of biotite. The essential mincrals, quartz, feldspar and mica, 
are easily distinguished. The grains of quartz are glassy to dull gray 
and seldom exceed one quarter of an inch in size. The feldspar con- 
stitutes about one-half the entire mass. The crystals are pale red to 
grayish white; some of them are half an inch across. The mica is 
disseminated in irregular shaped leaves through the matrix of the 
rock; it is very dark green or black. A weathered surface is usually 
rough from knotty projections of the quartz, and just beneath this 
surface, for an eighth of an inch, the feldspar is more or less changed 
into kaolinite. The mica appears less altered and retains, usually, its 
dark color. The rock is massive and jointed, presenting only faint 
and doubtful lines of bedding. 

Under the microscope, the above minerals are easily made ont; with 
a power of 600 diameters may be seen numerous fluid inclusions, some 
of which are saline, and out of their solution has erystallized a small 
cube of salt. The tiny cubes are perfectly transparent, and their out- 
lines are extremely fine, and require a good defining microscope to 
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distinguish them. This, however, is what we would naturally expect 
when we consider how small must be the difference of the refractive 
index of the salt crvstal and the saturated solution out of which it has 
formed; and for the same reason, the bubble in these appears much 
darker than in the simple fluid cavities. Another difference too may 
be noted, and that is, the bubble of these saline solutions has but very 
little movement, while those of the other kind are usually very lively. 
This, no doubt, might be explained by the difference of the densities 
of the fluids, and possibly there might be established a scale of the 
comparative saturation by the rate of vibration of these tiny bubbles. 
It is hichly probable that all of these inclusions contain more or less 
salt, even when no crystal is present, since there is an evident degree of 
ditference in the saturation, from the fact that the relative size of the 
cubes and that of the cavity varies greatly; some of them in the 
large cavities being very minute, while in others they occupy one- 
fifth of the included space. 

One very interesting and, I think, important fact in connection with 
these saline inclusions, which I have already noted in my report on 
the Penokee iron range, is, that I have always found them present in 
the upper granite of that district, and as yet I have not observed any 
in the lower or Laurentian granite of our Lake Superior region (see 
paves 255 and 256). 

Another rock which we may as well note here is a gneissoid granite, 
of which mention has been made in this chapter. It is reddish gray 
in color, medium grained in texture, and is highly feldspathic. But 
very little quartz is contained, and the leaves of biotite have a parallel 
arrangement. 

Cnider the microscope can be recognized plain and striated feld- 
spar, grains of quartz and leaves of biotite. The orthoclase is frequently 
very much altered. In the quartz grains a few fluid cavities are 
contained, thonzh I cannot detect any holding a crystal of salt. Still, 
some of the bubbles are very dark, and are nearly motionless, which 
leads us to suspect that their liquid is somewhat saline. 

The next rock we will consider is a garnctiferons hornblende gneiss, 
XIX (?) located on Pine river, and near the junction of the lower 
Ifuronian and granite, in the 8S. E. qr. of the S. W. qr. of Sec. 4, T. 
39, R.16, Wis. The ledges here cross the river obliquely, and form 
some rough rapids and low terrace falls. The gneiss is plainly bed- 
ded and has a strike of N. 62° W., and dips nearly vertically. Ap- 
parently interstratified and intersecting it are veins of feldspathic 
granite. These granitic shects, in some instances, oceupy as much 


space as the gneiss. The feldspar crystals are very large, many of 
Vou. IIL — 46 
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them measuring three inches across. But very little quartz or mica 
is present in the granite. Under the microscope may be seen in the 
granite slender crystals of tourmaline, which are strewed promiscu- 
ously through the section, lying within the quariz, feldspar and 
the matrix. 

The gneiss does not appear in the least contorted. In it, along the 
bedding planes, are gashy-like bunches of feldspar, the largest of 
which are three inches long by one inch wide. It is grayish-black 
in color, and medium to fine-grained in texture. A fresh surface 
sparkles with the black, shining facets of hornblende, and when 
examined closely, very small reddish grains of garnet may be seen. 

Under the microscope the hornblende appears to be the predomi- 
nating mineral, the quartz next, then the plain and striated fragments 
of feldspar. The garnets are easily recognized by their becoming 
dark between the crossed nicols. The quartz contains numerous fluid 
inclusions. 

To the northeast of here about one mile, and in the south bank of 
the Pine river is another low ledge of hornblende gneiss or schist, 
AIX.' It is plainly stratified, hasa strike of N. 86° W., and dips high 
to thesouth. It therefore underlies the gneiss we have just described. 

This latter gneiss is very similar to those south of Pine river in 
Sees. 26 and 27, T. 39, R. 17, Wis. See lithological description No. 
62, page 702. 

The gneiss is dark to light green. It is highly crystalline; ex- 
amined on the side fracture, the bright shining needles of hornblende 
have a parallel arrangement. The larger crystals measure an eighth 
of an inch in length and are very narrow. The cleavage of the rock is 
quite even and perfect. It often resembles a hornblende schist. The 
fracture across the cleavage is rough and raspy to the touch; under 
the microscope the schistose structure is plainly visible. The base of 
the rock is feldspathic, composed of small partially altered crystals of 
feldspar and granules of quartz, which fill up the interstices between 
the large amphibole fragments. The feldspar and hornblende often 
occur in twin crystals. 

This brings us to the typical hornblende schists, which we have 
eonsidered as belonging to No. XLX of our section; in fact, the horn- 
blende schists, as far as I have observed, constitute, on the south side 
of the ILuronian series, at least nine-tenths of No. XIX. They form 


1The Roman numerals employcd in this chapter represent the different members of 
the Huronian series. The designation was first employed by Major T. B. Brooks, in his 
geological report of Michigan, 1573, and I have endeavored, in the cross section A~B, to 
correlate the Menominee series with the Michigan. In comparing proof sheets of this 
volume, it appears that Major Brooks’ Bed No. XV is the same as my No. XIII. This 
difference applies only to the Middle Huronian. 
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a wide and important belt in the series. They are plainly stratified 
and nearly always present the same appearance, and therefore are 
quickly recognized, We first found these schists in south and south- 
east of the two Quinnesee falls and traced them west for four miles, 
where they disappear beneath the heavy sand drift. When we met 
them again nearly nine miles to the west, across this covered area, 
they seemed like old, familiar friends. We then traced them for ten 
miles in a west-northwesterly direction, where they disappeared once 
more under the heavy drift which keeps them concealed for at least 
twenty miles farther, or to the westerly limit of our field work. 

Qn the north side of the Huronian series, immediately north of 
the Menominee river, the hornblende schists are represented by mica 
schists, Which resemble the upper mica schists of the Marquette Iron 
district. Sce lithvlogical description No. 22, also Major Brooks’ 
description of the same. 

The general strike of our hornblende schists is well illustrated on 
map AAX, whereon is located, as near as may be, from our present 
data, the position and course of the lower I[uronian series. The dip of 
the hornblende schists vary from forty-five to seventy degrees to the 
south and southwesterly. These schists are usually of a greenish- 
black color sprinkled with gray, are fine-grained to aphanitie in text- 
ure. Examined under a strung lens they appear highly crystalline, 
and the surface frequently sparkles with innumerable facets of shin- 
ing, black, needle-like erystals of amphibole. Schistose structure 
very plain, even in hand specimens, Cleaves quite readily and some- 
times into thin plates. Sumewhat jointed. 

One specimen, from the center of Sec. 16, T. 39, R. 17 Ea 
fair representative of the hornblende schists, appears, wader the 
microscope, composed chiefly of irregularly broken crystals of horn- 
blende, with grains of quartz and fragments of feldspar lying between, 
and apparently forming the base of the rock. South of this locality 
about one-quarter of a mile, is a much finer-grained hornblende 
schist, which, ender the microscope, in the polarized light, presents a 
finely quartzose base, thickly strewn with acicular crystal fragments 
of actinolite. 

For a fuller description of these hornblende schists, see Nos. 51 to 
61, inclusive, pp. 700-702. 

In the center of the north half of the N. W. qr. of Scc. 16 is an 
actinolite schist, interstratified with the hornblende schists, and inter- 
secting it are veins of granite. The actinolite schist has a fine crys- 
talline texture. The crystals of actinolite are easily recognized. It 
has an irregular schistose structure, and weathers to a lighter drab. 
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Under the microscope, the section appears densely crowded with 
slender blades of actinolite, which have a common trend. There are 
several small clusters and narrow seams, filled with angular grains of 
quartz; still the actinolite constitutes, at least, nine-tenths of the rock. 

The next member given on our section is No. XVII; between this 
and No. XIX would naturally come No. XVIII, but I have never 
found anything in the western portion of the Menominee range in 
Wisconsin that would separate Nos. XVII and XIX. We find occa- 
sionally a narrow bed of actinolite schist along the junction, but it 
occurs also interstratified with the hornblende schist. No. XVII is 
a massive diorite; it is a very tough rock and not easily fractured. 
It seldom ever shows the faintest signs of bedding, and therefore 
resists well the destroying agencies of nature, and for this reason 
frequently forms high, steep ridges, having the same trend as the 
formation. 

These ridges often terminate very abruptly, owing to the strongly 
jointed character of the rock. The diorite, like the hornblende 
schists, is one of the important members of our series. 

It occurs in south of the Quinnesec Falls and in Secs. 26 and 27, 
T. 39, Rt. 17 E., and northwesterly therefrom, along the north side of 
the hornblende schist, to the northwest quarter of Sec. 35, T. 40, 
R. 16 E, where it disappears under the heavy drift; boulders of it, 
however, are scattered over the surface for nearly a mile beyond this 
point. 

North of Pine river, in range 17, is another parallel belt of diorite; 
which I think forms the basin rock of a synclinal. See map and 
geological cross section A-B. It will be noticed on the map, that 
this range of diorite begins immediately west of Loon lake and ex- 
tends thence northwesterly out of Sec. 36 and across Secs. 35, 27 and 28. 

We did not find a continuous ledge of diorite over this entire area, 
but outcrops of it were very common, and the south side of this 
belt is traversed by an almost unbroken line of magnetic attractions; 
thus clearly indicating the location of the covered rocks. 

North of this range the grcenstones again form, apparently, the 
basin rock of what appears to me to be another synclinal. See cross 
section A~B. We do not find these rocks outcropping on the line of 
our cross section; but the magnetic attractions, with the strike of the 
rocks to either side, enable us to determine very nearly where the 
diorite range passes. 

To the east, on the south bank of the Brulé river, between the Mich- 
igamme and Paint rivers, are large ledges of amphibole rock. See de- 
scriptions, Nos. 34 to 42 inclusive, pp. 697, 698. It is possible that 


WESTERN AND SOUTHERN EATENSION. 129 


these amphibole rocks represents the diorites, North of the Brule, 
on our line A -B, divrite occurs again, this time dipping to the north. 
The diorites, owing to their massive structure, are not as welcome to 
the sight of the field geologist as the hornblende schists and other 
plainly bedded rocks. It is in vain that we sometimes try to make 
ourselves believe that the jointing seams are lines of stratification, for 
the chances are that a little further investigation will develop on the 
other side of the ledge another set of similar seama, having a reverse 
strikeand dip. Still, the diorites have their redeeming qualities, since 
their very massiveness permits them torear their rounded and scarred 
heads above the surface, thereby indicating the relative position of 
the other rocks, and thus indireetly reveal to us that which we wish 
to know. 

Within the diorite formation and parallelly traversing its general 
trend, is a line of magnetic attraction. See map and cross section 
A-B. Whether these attractions are due to a covered bed of coimn- 
mercial iron ore or to rocks carrying magnetite, can only be dceter- 
mined by actual explorations. 

Let us now examine the diorites a little more closely. Some of them 
are very fine-grained, others are coarsely so. Very dark green is the 
prevailing color, They weather to a light drab, and sometimes quite 
deeply. The weathered surface is usually rough, with warty-like pro. 
Jections of hornblende. The hornblende cleavage planes, in the 
coarser varieties, can be readily made out. 

Under the microscope, the amphibole appears az the most abun- 
dant mineral. It is the least altered, and in some sections it is twinned. 
The feldspar is frequently partially decomposed, and presents then 
a micro-granular mass. 

The larger crystals often enclose fragments of amphibole. As _ac- 
eessory minerals may be added, a little magnetite, and in some in- 
stances a few grains of quartz. For detailed descriptions, see Nos. 
13 to 93, pp. TOL-708. 

Referring again to our cross section A-~B, No. XV appears as the 
next member marked thereon. No. AVI is apparently wanting. 
This latter member, Major Brooks has provisionally designated in his 
Mich. Rep. as a limonitic schist, but my impression is, that it is only 
decomposed pyritiferous lenses of No. XV. 

No. XV is represented by chloritic schists (sce lithological descrip- 
tions, Nos. 121 to 126), by chloro-argillaceous slates (Nos. 136 to 
138), and by plumbaginous schists (Nos. 149 to 151). 

The most westerly outcrop of No. XV in our south range was on 
the south side of Pine river, a little north of the center of Sec. 28, T. 
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39, R. 18 E. (see No. 137). On our next range to the north (see map), 
we find it outcropping along the south side of the diorites in Secs. 36, 
35, 26 and 27, T. 40, Rt. 18. Again in the next range to the north, it 
outcrops immediately south of the Commonwealth in Secs. 34, 33, 32 
and 31, T. 40, R. 18 E,, also in Sec. 25, T. 40, R. 17E. Again in 
the next northerly range, about the Eagle mine location, is an abun- 
dance of plumbaginous schist; also in this same range near the south- 
west corner of Sec. 13, T. 40, R. 17. 

In our next range to the north, we find along the south side of the 
Brule river, near the northeast corner of Sec. 16, and in the northeast 
quarter of Sec. 14, T. 40, R. 18, chlorite and argillaceous slates. See 
Nos. 136 and 122. 

In Sec. 12 on the Brule river, and along its north side opposite to 
Secs. 11, 2 and 3, T. 40, R. 17, and Secs. 33 and 34 of T. 41, R. 17, are 
many outcrops and narrow ridges of chloritic and chloro-argillaceous 
slates. The plumbaginous schists are seldom found outcropping, 
but when they come near the surface, the black soil and small frag- 
ments of the rock reveal their presence, and by a little digging the 
loose ledge is soon reached. With the slates it is different; they some- 
times form a sharp, narrow ridge, or on the other hand a low outcrop; 
and where a stream crosses the series, we frequently find in passing over 
the slates a narrow gorge. This is owing to their highly jointed 
nature. The bed of the stream at these points is usually thickly 
strewn with fragments of the slate. Forthe economic value of the 
plumbaginous schists, see page 688. 

We now reach No. XIV of our section A—B, which is represented 
in town 39 and ranges 16 and 17 by actinolite schist. In our most 
southerly range we find, on the rorth side of XIV, a narrow belt of 
magnetic attractions, extending northwesterly through Secs. 8, 5 and 
6 of T. 39, KR. 17, and Secs. 36, 35 and 27 of T. 40, R. 16 E. See 
map. On our next range to the north, the magnetic attractions bear 
about the same relation to XIV. The actinolite schists of XIV are 
rather soft and easily weathered, and therefore the outcrops of it are 
not frequent. Near the center of Sec. 36, T. 40, I. 16, the Pine river 
ents through this member, affording at this point, a fine water power 
with a fall of some ten feet, which could be easily increased to fifteen 
or twenty feet. The formation crosses the river at nearly right angles, 
and the ledges ascend quite rapidly on either side from the river, 
thereby forming natural wing walls for a dam to be used either for 
mill purposes or log driving. The formation has a strike of N. 75° 
W., and dips 70° to the southwest. We have here two varieties of this 
rock; one is plainly schistose and the other is more compact and 
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resembles a hornblende rock, The first is a chloro-actinolite schist, of 
a dark gravish-green color, Examined on its edge with the lens, it 
presents a densely reticulated mass, made up of small, pale-greenish 
necdles of actinolite. 

The schistose structure ia very perfect, and the schist planes have a 
taley appearance. When breathed upon, the rock emits a strong clay 
odor, due probably to partial alteration of some of its mineral ingre- 
dients. 

Under the microscope, a section of the rock shows a thickly matted 
mass of actinolite and pale green chlorite; also viridite, which gives 
a dark field between the crossed nicols. 

The compact variety noted above is medium-grained in texture, 
and is dark green, sprinkled with gray. The amphibole can be read- 
ily made out with the lens. Cnder the microscope, the principal 
minerals appear to be amphibole or actinolite, with an occasional 
large imperfect erystal of orthoclase, which, apparently, was the last 
mineral ingredient formed, as it contains fragments of amphibole and 
portions of the quartzose base. With a high power may be seen 
sume very perfect crystals of amphibole; also brownish leaves of bio- 
tite, and a few crains of magnetite. No. XIII possesses much more 
interest on our south range than No. XLV. It is a micaceous horn- 
blende schist. To define the dividing line between this and XIV 
on the one side, and No. XILT on the other side, is hardly possible, 
though on the cross section A-B I have provisionally done so. 

On the south range there is but little difference in these three mem- 
bers, but for convenience we will consider the micaceous hornblende 
schists of this range, with the supposed interstratified belts of iron 
ore, as No. XITL. On the next range, to the north, No. XIIT is rep- 
resented by actinolite schists. The magnetic belts are easily traced. 
It would seem more consistent here, perhaps, to consider Nos. XIT, 
XI{T and XIV as one member. for the location of these see map, 
also economic chapter, page 685, relating to magnetic belts. The 
outcrops of the micaceous hornblende schists in the south range are 
usually low and are not extensive. The rock is plainly bedded. 

In the center of the S: W. qr. of Sec. 5, T. 39, R. 17, isa ledge 
of garnetiferous mica schist, in which the hornblende appears to be 
nearly wanting, though it very soon passes into the typical micaceons 
hornblende schists. This mica schist has a dark greenish color and 
an uneven schistose structure. The surface of the cleavage planes are 
rough and knotty with garnets, the leaves of mica folding around and 
enveloping them. On the weathered surface, the garnets are more or 
less decomposed; many of them are s0 altered that only small ochre. 
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ous bunches remain. Under the microscope, the specimen appears 
composed of brownish leaves of biotite thickly scattered in a very 
quartzose base. The garnets are easily recognized and are irregularly 
checked. Yellowish and reddish membranes of the oxides of iron are 
present, also an opaque, ragged substance resembling carbon 

The typical micaceous hornblende schist is very dark green in 
color, fine-grained in texture. Cleavage quite regular, and on the 
surface may be seen the bright scales of mica and an occasional small 
rounded projection of garnet. 

Under the microscope, the brownish leaves of biotite and fibrous 
hornblende appear to be about equally contained, and are dissemi- 
nated in a quartzose base of small angular grains. A little magne- 
tite is present. 

The most westerly ledge of this rock we saw was near the center 
of the N. E. qr. of Sec. 27, T. 40, R. 16. It outcrops easterly from 
here about one-fourth of a mile ona high, broad ridge, which no 
doubt is composed entirely of this same rock. It preserves its mica- 
ceous character, but is, perhaps, more of an actinolite schist than a 
hornblende schist. It ia light to dark green, and has a fine crys- 
talline texture. The acicular crystals of hornblende and brownish 
leaves of mica are readily distinguished. The cleavage along the 
schist planes is very irregular. The mica occurs also in thin seams. 

Under the microscope the base of the rock appears highly quartzose. 
Besides the hornblende and biotite may be seen a few grains of mag- 
netite. For other detailed descriptions, see Nos. 13-18, pp. 693-694. 

No. XII, as has already been noted, is represented in the first two 
southerly ranges by actinolite schists. 

The schists are light-green with bronzy scales of biotite in the 
cleavage planes. Schistose structure very regular in one direction, 
but across this it is warped and irregular. They resemble very much 
the mica schists. Under the microscope, the base appears arenaceous, 
and is densely filled with radiated bunches of actinolite. A little 
magnetite and numerous leaves of biotite are contained. 

It will be noticed that these actinolite schists have a strong resem- 
blance to the micaceous hornblende schists, and it is very questionable 
whether it is best to separate them. 

The next range to the north, which corresponds to the Common- 
wealth range, No. XII, is represented by banded quartzite sand quartz 
conglomerates. See descriptions, Nos. 5, 32 and 33, pp. 692, 697, 
This quartzite I consider is the true representative of formation XII. 
It is often jaspery,and then resembles the jasper which constitutes 
the foot wall of the specular and magnetic ores of the Marquette 
Iron district. 
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There are very large ledyes of this rock in See. 31, T. 40, R. 18; 
also in Sec, 25, T. 40, R217. That in See. 25 gives evidences of con- 
siderable disturbance. It is more or less contorted, and in places is 
banded, either with jasper or lean magnetic ore. Dy referring to the 
map, it will be noticed that, in order to join the quartzites located 250 
paces south of the center of Sec. 31 with those in the southeast quar- 
ter of See. 25, we must presuppose a sharp N,N. W. bend in the 
formation, or possibly a fault and throw. $. 8S. W. from here, about 
six miles, in Sees, 22 and 27, the formation makes fully as sharp a 
turn to the northwesterly as is required to unite these quartzites into 
one belt. Again, the contorted character of the quartzites, already 
noted in See. 25, affords us still further proofs of an unusual disturb- 
ance. The axial line of this northwesterly bend apparently passes 
N,N. E. from the center of the northwest quarter of See, 27, T. 39, 
N17, through Loon lake (see map) and then possibly takes a more 
northerly direction, or continues the same course, but with a more 
gradual curve in the chanye of the strike of the formation. This 
quartzite often contains numerons reddish scales of mica approaching 
an aventurine quartzite. 

In Sees. 25 and 31, the plumbaginons schists and iron ores im- 
mediately overlie the quartzite, with no possible chance for No. ATV 
of our series. My impression is that this short bend has produced, 
along the axial line, an uplift, and that the quartzite, owing to its 
hard, unyielding nature, dias caused a thinning out of the softer con- 
tiguous strata fulding around the outer side of the bend. 

The next member of our section A—B is a hornblende rock, which 
I have designated as No. XT. In the south range it outcrops at in- 
tervals on the north side of the actinolite schist. The rock is very 
coarse to fine-grained, and is usually massive. Its color varies from 
pale-green to greenish-black, and in some of the coarser kinds of the 
latter shade, where partial decomposition has set in, they have been 
mistaken by explorers for iron ore. 

Under the microscope, they appear composed essentially of horn- 
blende, with small granules of quartz lying between the hornblende 
crystals. An occasional imperfect crystal of orthoclase may be seen. 
As accessories may be added a few grains of magnetite and bright red 
scales of heinatite; also viridite as an alteration product. 

In our cross section will be noticed, between the first two southerly 
ranges, a wide, covered area. Within this blank space we find, on the 
north bank of the Pine river, in the south half of Sec. 34, T. 40, R. 
17, outcroppings of talcose, chloritic and sericitic schists. These 
ledges are low, and could easily be passed unobserved. 
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The talcose schist is quite soft and easily cut with the knife. Its 
structure in one direction is quite regular, but across this it is very 
much warped, and often suggests a muscle structure. In color it 
varies from a light pearly gray to a pale pea green. 

Northwest of this locality, near the west quarter-post of Sec. 29, 
T. 40, R. 17, and therefore within our covered belt, are several loose, 
angular boulders of mica schist, and from their number and appear- 
ance, I should infer that the parent ledge was near athand. The rock 
has a silvery-gray color, tinged with a shade of pale green. On the 
cleavage planes it has a satin texture. The cleavage planes are slightly 
corrugated in one direction. An end fracture appears arenacecous. 
Cleaves quite readily, but batters under the hammer. It is apparently 
taley. Under the microscope, the base of the rock is composed of small 
angular grains of silica, and is strewn with colorless leaves of musco- 
vite, brownish ones of biotite and fibrous fragments of viridite, which 
latter give a dark field between the crossed nicols, even on complete 
revolution of the microscope table. 

This covered belt is probably underlaid by magnesian schist and 
other easily abraded rocks, and it is possible that some minor folds 
exist across this portion of our cross section. 


EXPLORATIONS ON THE BRULE RIVER. 


This covers all the ground we have worked up in detail. We will 
now launch our birch canoes just above Point river falls, and paddle 
up the Brulé river, and examine on our way to Brule lake some of 
the results obtaincd in 1876. Our party then consisted of F. I. 
Brotherton, Esq., an Indian and myself. 

The Brulé might be considered a strong current, but it has a splen- 
did bottom, and where the river is shallow, poling is good. The water 
is cool, and the stream abounds in speckled trout, an attraction to 
every true woodsman. So abundant were these fish that, at noon, it 
required only a few minutes to capture enough of them to satisfy our 
more than greedy appetites. 

The first outcrop we saw was a chiloritic slate, near the north quar- 
ter-post of Sec. 18, T. 40, R. 18, Wis. Its strike is N. 70° W. 

The next ledge, also a chloritic slate, is located near the center of 
the northwest quarter of Sec. 12, T. 40, It. 17. Its strike is N. 50° W. 

By reference to the map, it will be seen that the river makes asharp 
turn to the south, and then northward until it touches the chloritic 
slate range, where we then have a northwesterly stretch of nearly 
three miles. On the Michigan side the banks are high and quite 
steep, and frequent outcrops of chloritic schist are seen, having a 
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strike of N. 60° W., and adip high to south. These we have already 
noted and considered as belonging to No. AV of our cross section 
A RB. 

Along this stretch an extensive windfall crosses, and continues 
westward for several miles. In lots 2 and 3 of See. 26, T. 41, 1. 16, 
also, opposite, on the Michigan side of the river, are several ledyves of 
calcareous chloritic schist, which strike a little north of west and dip 
to south. The rock is deep green; is fine-grained and has a some- 
what slaty texture. Warped schistose structure. Just beneath the 
surface, where it has been exposed to the action of the water, it is 
colored a bright yellow, from hydrated oxide of iron. Easily 
scratched with the knife. Etfervesces briskly in wari acid. 

Under the microscope it presentsa patehy structure from the irreg- 
ular shaped masses of caleareous material, which is probably dulomitie, 
as only an occasional fragment shows any striations. The chlorite is 
best seen in the plain light. 

Less than half a mile up the river from these ledges, in lots 2 and 3 
of See. 35, are the only falls we encountered on our way to Brule lake. 
These falls are low, only two or three feet high. 

Ledges of dioritic schist cross here with a strike of N. 70° W. 
Above the falls, for nearly three miles, the river is narrow and deep. 
To either side may be seen, at a short distance away, a high range 
eovered with hard wood and pine. On the Michigan side opposite 
lots 2 and 3, See. 20, T. 41, hk. 16, Wis., is a high, steep ridge with 
several ledyves of chloritic schist, which have a strike of N. 80 W., 
and dip high tosouth. Underlying these is a greenstone, which prob- 
ably constitutes the bed rock of the ridge. The chloritie schists are 
obdlitie from small conerctions of calcite and resemble a schalstein. 
This rock is very dark green. It has a warped schistuse structure, and 
its weathered surface is pitted from the dissolving out of the calcite. 

Under the microscope, the base appears composed chiefly of chlorite, 
and is thickly strewn with simall crystals of magnetite and slender 
necdles of actinolite. The calcite is easily recognized. Along the 
river bed are numerous boulders of quartzite. South of this locality 
about one mile and a half (see map) is a high range of quartzite 
extending 8. S. E. from just north of the south quarter post of 
Sec. 19, T. 40, R. 16, Wis., for two miles. This quartzite is caleareous 
and resembles the siliceous marble of the Quinnesec range. See eco- 
nomic chapter; also lithological description No. 2, page 692. We 
did not see this quartzite range at this time, as it is not visible from 
the river, but since then Mr. Brotherton discovered and located it. 
From his description of it and the specimens which he collected, I 


132 GEOLOGY OF THE MENOMINEE IRON REGION. 


should judge, on lithological grounds, that it belonged to the marble 
range (Formation No. V); still it is possible that it belongs to No. XII 
of our cross section A-B. I regret that I must leave this question, 
for the present, unsolved. 

Continuing our journey, we find near the center of Sec. 24, T. 41, 
Nt. 15, Wis.,.a iow ledge of altered actinolite schist. Strike N. 85° W. 
and dip tosouth. The rock is of a greenish ash color, mottled with 
dark green. Scattered in it may be seen numerous bright cleavage 
facets of calcite. Effervesces briskly in warm acid for a time, but 
does not disintegrate. When breathed upon, emitsa strong clay odor. 
Under the microscope, it presents a densely reticulated mass of fibrous 
actinolite. Several amorphous patches of viridite may be seen. A 
few grains of magnetite are contained. 

In lot 4, Sec. 30, T. 41, R. 15, Wis., isa ledge of calcareous chloritic 
schist, which has a strike of N. 40° W., and dips 45° to the northeast. 
The course of the river along here is nearly parallel to the strike of 
the rocks. The schist is light green in color. On the cleavage sur- 
faces it has a satin luster and corrugated schistose structure. Lying 
in the schist planes are seams of dolomite. Some portions of the 
ledge are odlitic, and the weathered surface is there minutely pitted. 

Under the microscope, the plain patches of dolomite are easily rec- 
ognized; also the chlorite. With a power of 600 diameters may be 
seen numerous small crystals of rutile. About oneand one-half miles 
northwesterly from this outcrop the river changes its course to a W. 
N.-W. direction. North of this point about one mile, along the south 
line of Secs. 16 and 17, and Sec. 22, T. 42, R. 385 Mich., have been 
reported to me numerous ledges of reddish quartzite, which from the 
description I have had of them, appear to belong to formation V. 

Passing through the center of the N. W. qr. of Sec. 19, T. 42, R. 
35, Mich., in a northwesterly direction is said to be a ledge of slate, 
and north of this point about two miles is reported iron ore. The 
country from here to Brulé lake consists of pine plains and barrens. 

As the results of our trip down the Pine river have already been 
given, we will turn our attention to the country south of the Quin- 


nesec Falls. 
REGION SOUTH OF THE QUINNESEC FALLS. 


It was my intention in 1876 to have crossed the country from the 
upper Quinnesee Falls, south to the head waters of the Peshtigo 
river, and then to examine the quartzites in T. 34, R. 17, and their 
westerly continuation therefrom; but the unfortunate sunstroke 
already alluded to prevented me from making this interesting trip. 
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My only recourse then, was to send my assistant, Mr. F. IL Broth- 
erton, Whose route is indicated on map No. XAX of atlas by dotted 
lines, 

The location of the quartzite in towns 33 and 3£ of ranges 13, 14, 
15, 16 and 17, Wisconsin, are from subsequent notes of F. IL. Brother. 
ton and his brother, taken while in the employ of the Chicago and 
Northwestern Railway Co. 

The outerops of greenstone and granite in towns 35, 36 and 37 of 
ranves 21 and 22, are mainly copied from the government plats. Mr. 
Brotherton reports ledges of granite along the range line on the west 
side of T. 37, R. 20, which are very similar to description 153 (Spee. 
2120), When See. 7, T. 36, is reached, we find outerops of syenitic 
granite that resemble, at first glance, a diorite, but on closer inspec- 
tion the black bunches resembling hornblende are seen to consist 
chiefly of biotite. This rock is probably the same as that to the 
northeast of here, which the government surveyors have marked on 
the United States plats as greenstones. Other outcrops of this rock 
were found at intervals until near the southwest corner of See. 30, T, 
30, I. 20 E., where are ledges of chlurite schist, having a strike of 
S. 60° W. to 8. 80° W. Less than a mile south of here granite again 
makes its appearance, but it quickly disappears, and no more ledges 
of rock were seen for twelve miles. 

In the southeast portion of T. 35, I. 19, are given on the U. S. 
plats outcrops of granite. Sce map. In the southwest of T. 34, R. 
18, are several ledges of granite also near south quarter post of Sec. 
21, T. 33, N. 20. The bedding planes of the granites were very ob- 
scure, so much so that no reliable dips were observed. The general 
trend (which probably corresponds to the strike) varied from S. 60° 
W. to east and west. 

The granites, located south of the greenstones in town 36, resemble 
very much the Laurentian granite. They are usually coarse grained 
and have a reddish color. The feldspar, the predominating mineral, 
constitutes at least fouxfifths of the rock. It is easily recognized by 
its broad cleavage planes. The quartzites reported by Messrs. Brother- 
ton Bros. form ahizh, broad ridge of some four miles in length, which 
passes through Secs. 29 and 30, T. 34, It. 17, and Secs. 25, 36 and 
35, T. 34, R. 18. The range varies from 300 to 400 feet in heicht, 
and is about one-half mile wide. It is a prominent landmark, and 
can be seen for many miles away. 

The quartzite in the north half of T. 33, R. 14, is considered by 
Mr. Brotherton as identical with those of farther east. The country 
between these two locations was not examined by their party, but there 
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is every reason to suppose that the quartzite range is continuous 
across this area. 

Crossing the Wolf river at Post lake dam, near the south quarter 
post of Sec. 9, T. 33, R. 12, is a hornblende schist having a strike 
of S. 50° W., and a dip of 45° to the southeast. This rock and the 
quartzites to the east of here, I think, are Huronian, and are prob- 
ably on the same range. Our data south of the Quinnesec Falls is 
largely of a negative character, and therefore to attempt to theorize 
on the geological structure, from the few isolated facts before us, 
would be quite impracticable. Whether the greenstones already noted 
in T. 36, R. 19, constitute a southwesterly range or belt of Huronian 
and possibly unite with our quartzite range farther south, or form a 
narrow bay, is an open question which we will leave to some future 
geologist to solve, trusting that the deep drift may not frustrate him 
in his endeavor. 

The economic notes of Mr. Brotherton may be briefly given as fol- 
lows: 

Going south from Upper Quinnesec Falls, the timber on the west 
range line, to the northwest corner of Scc. 30, T. 20, consists of hem- 
lock, birch, cedar, spruce and some maple. Walking good. For one- 
half mile south of this we find a thick cedar and tamarac swamp. 

Between Secs. 31 and 36 it is swampy to the east (Sec. 31), and hard 
wood to the west (Sec. 36) of the range line. Along the west line of 
Sec. 6, T. 37, R. 20, the timber is maple, birch and hemlock, two- 
thirds hard wood. 

Line between Secs. 7 and 12, T. 37, R. 20, first half, cedar and tam. 
arac swamp, remainder swampy on the east side, and hemlock, birch, 
maple and cedar on the west side of range line. 

Secs. 13 and 18, first one-fourth mile, timber small, pine, poplar; 
remaining three-fourths mile, white and Norway pine, 18 to 22 inches 
in diameter, rather scrubby. Line poorly marked. 

Secs. 19 and 24, open country; some scattering white and ycllow 
pine; has been burnt over. Walking good. Between Secs. 25 and 
30, and 31 and 36, also scattering pine, and burnt over, and now grown 
up to thick brush. 

Range line between Secs. 1 and 6, T. 36, R. 19 and 20, for first half 
mile, burnt windfall, grown up to thick brush. From this point south 
and southwesterly, Mr. Brotherton describes the country along the 
route he traveled (see map), a distance of not less than 18 miles, as 
open pine plains. 


NUMERICAL INDEX TO SPECIMENS FROM MENOMINEE REGION, 
DESCRIBED BY 
MESSRS. BROOKS, WICHMANN, WRIGHT AND OTHERS, 


In parts Viland VILT, with comparative table of the different numbers which certain 
apecimens bear, according aa they hace been cl ivsiticd and described, 


The nomenclatare given ta based largely on Dr. Wichmann's dsterminations, hse results of 
microscopical examinations of thip-sectione being given tn chapter Y. 

Mr. Wright hae deacribed In his report, Part VIIT, the specimens collected in 1874, pumbers 
2) to 286, duplicates of which were furnfehed Dr. Lapham for the State collection. 

Mr. Julicn'e descriptions in Mich. Geol. Rep., Vol. U1, 875, are based chicfly on phyalcal charactera, 

The 162 spectmens which are numbcred In the right-hand column, and described in chapter IV, 
constitute atypleal sufte of Huronfan rocks foand ta the region south of Lake Superior, in Michi. 
gan and Wisconsin, and embrace the Sl specimens constituting the Michigan state suite, thirty-five 
dapiicates of which were distributed to various institutions in this country and Europe. SeeApp. 
B , Mich. Geol. Rep., Vol. TH, 1833. 

(Spectnens marked with a star have been examined microscopically tn thin-sections.} 
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book. 
Chippewa Co., 567. 
river, S1, SU, Y3. 
Chiorite, 607, ; 
frequent mention of, on pp. 249-299, 
HoALS, 
gneiss, 5-6, 653, 
quartz-conglomerate, 509. 


it) 
Chiorite schist, 4°56, 425, 456, 497, "1 


TTL, TES. 
Chloritie aimplibole rock, 69S, 
biotite- gneiss, 750), 
Kelost, 404, 4005. 
dionte, Pos, 140) 70s, 
dhorite-schist, 45. 
Wacke, 400, 
feldspathic schist, 485, 
grneiss, P16, 400, O56, 622, 
heme shite, 475. 
wreenstone, 456, 
hornblende chorite, 707, 
reenstone, 405. 
rock, 704, 
schist, 700, 
Tanetitesschist, 040, 
Mreacschist, 656, 695, 
qhartz-conglomerate, 509, 
qQuartZose-schist, OU, 
quartzite, OUT, 615, U2, 
quartz schist, 200. 
rucks, O10, 
erpillo-, O17, 
diavraim of, 517, 
preudomorphous, 517, 
schist, 6, 2Y, Yo, OLN, O40. 
dhagram of, 517. 
actinolitie, 6O-4N, 
after actinolite, 44. 
feldspathic, O48, G47, 
Miciaceous, 647, 
auartzose, 403, 647. 
Varieties of, O17, 
slate, 464, 581, T1L. 
or phyllite, 712. 
Chloro-mica schist, garnctiferous, 695. 
Chioro-quartz schist, 274, 286. 
Chioro-siliceons schist, 250. 
Chioro-taley quartzose schist, 455, 
Chioro-argillaceous slate, 714, 717. 
Clam Falls, 3sv. 
district, 3u9, 412. 
glacal markings at, 382, 399. 
Clam River, oxo, 36. 
Clark, Thos., 30x, 
Classification of racks, Menominee re- 
gion, 493, 49), oUU. 
Clay, Zi2. 
Clay-slate, 20, 457, 459, 460, 461, 485, 
486, 493, 512, 514, 542, 574, 
OX], 650, 711, 712, 713, 714, 715. 
carbonaceous, 574, 694, 716. 
chloritic, 40%, 481, 42, 514, 
chagram of, 513. 
ferruginous, 514, 
groups, 612-514, 
micaceous, O14. 
orivin of, 650-654, 
siliceous, Glo. 
Clayton, 583. 
Clilf-and-Slope Contour, 371. 
Climate, L. Superior district, 324. 
Clinton Point, 16, 70, 2u9. 
Coast features, Exstern L. Superior Dist. 
THT. 
Cohen, Mr., 624. 


Js. 


746 


Collections, 451, 533, 534. 
Collins, T. S., 313. 
Commonwealth Iron Co., 679, 686. 
mine, 486, 505, 679, 726. 
range, 431, 486. 
and Eagle mine rocks, 481, 490. 
section, 483. 
Comparison of Menominee Huronian with 
other regions, 447. 
Compass, solar, 281. 
Conclusions from examining diabases, 


Conglomerates, 12, 13, 14, 17, 18, 20, 167, 
188, 190, 198, 202, 204, 205, 212, 403. 
406, 407, 417, 467. 
special descriptions of, in Eastern 
Lake S. dist., 198. 
sandstones and shales, Keweenaw 
series, 332, 3U3. 
Conover, A. D., vii, 56, 117. 
Cost of sinking shafts, 360. 
Contact de osits, 357. 
Copper, 203, 204. 205, 345, 344, 348, 353, 
357, 362, 403, AAV, 40%, 409, 410, 4lo, 
422. 423, 425, 426, 427. 
Creek, 16, 320, 344, 358. 


Creek’ mine, 359, 
deposits, 357, 393. 
knife, 358. 


mines, Copper Creck, 359. 
Fond du Lac, 307, 359. 
Percival, 361. 
Wisconsin, 360. 

mining, 204, 205, 206. 

oe ee of, in Keweenawan rocks, 


ore, 401, 402, 405. 
carbonate, 342. 
pyrites, 401, 403, 405. 
range, 16, 68, 69, 70, 85, 91, 102, 212, 
oll, : 233 338, 340. 
range, Douglas Co., 306. 
where to search for, 362. 
Copper Bearing Series, 4, 6, 7, 2°50, 336, 
368, 391, 399, 400, 401, 416, 417, 
418, 419, ‘434. See Kew EENAWAN, 
general discussion of, 7, 382. 
classification, 29. 
of Eastern Lake S. dist., 167-206. 
of Western Lake 8 . dist., 336-G40. 
of St. Croix dist., 391-422, 
economic considerations of, 203-206, 
307, 394, 39d. 
Cost of sinking shafts, 360. 
Cranberry, Lake, 204. 
marsh, 2\)4. 
river, 393. 
Credner, Dr., 446, 459, 461, 465, 466, 
467, 619, 639. 
also quoted in Maj. Brooks’ Rept., 
431-042. 
Crooker, Ralph, 52, 
Crowell, W.S., 359. 
Crystalline beds, Keweenaw series, 391. 
limestone, O11, 692. 
Curry Mine, 671. 
Cyclops Mine, 671, 637. 
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Dalles, of Frog creek, 410. 
of St. Croix river, 416, 419. 
Dana, J. D., 498, 500, 529, 606, 637. 
Daniells, W. W., o4, 58, 136. 
gp ges quoted i in ‘Maj. Brooks’ Re- 
rt, pp. . 431-542, 
“ Daruells, the, 409. 
Dathe, Mr., 622, ‘623. 
Dawson, G. M., 389. 
Decomposed diabase, 456, 518, 564, 584, 
626, 627, 706. 
diorite, 630. 
Deposition, St. Croix dist., 387. 
Des Cloiseaux, 30. 
Description, detailed, of local formations, 
st. Croix dist., 399. 
of dipping needle and solar dial com- 
pass, 243. 
general, of indurated formation, St. 
Croix dist., 390. 
of geological section AA., Pine and 
Poplar rivers, 477. 
of geological section BB., Pine and 
Poplar rivers, 4738. 
of surface features Upper St. Croix 
dist., 377. 
of typical, rocks, Menominee Iron re- 
gion, 0 
Descriptive lithology, 6ll. 
Desor, Mr., 443. 
Detour, the, 69. 
Devil's Gut, 472. 
series, 442, 
Devil's Island, 75, 76. 
Dewey, Dr. C., 527. 
Diabase, 8, 12, 13, 14, 15, 18, 19, 22, 29, 
31, 37, 3%, 40, 41, 42, 43, 167, 168, 
171, 177, 181, 182, 199, 204, 2:33, 207, 
265, 267, 284, 401-428, 453, 470, 473, 
ol7, 520, O21, 22, 532, 564, 565, 569, 
510, 974, 579, 625, 627, 628. 697, 698, 
104. 
description of, 31, 621-627. 
special description of in kK. Lake S. 
dist., 183-193. 
amygdaloid, lz, 13, 167, 168, 178, 181, 
182, 109, 204, 205 
altered, 40, 521, 626, 706. 
altered quartz, 589, 626. 
coarse, 625. 
crysolitic, 29. 
decomposed, 456, 518, 564, 575, 584, 
26, 627, 
micaceous, 485. 
_ pseudo-amygdaloidal, 38, 41, 42. 
quartz, 626. 
uralitic, 31, 38. 
Diagram of iron orcs and associated 
rocks, 501. 
of clay slates, 513, 
of chloritic schists, ol7. 
of greenstone, 619. 
of hornblende rock, 524, 
of quartzite, o0S. 
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Dial compass, 245, 
Accersores, Pao, 
appleation, Jb 247, 
Diamond drill, 6-2. 
Ditticulties of investigation, 455. 
Diorite, 6, 105, Lis, dos, 140, 148, 151, 
V1, 1738, 14, 227, 2ba, 2ex, 20, 
Og USE, UN, NT, Usd, 465, 4d, 
4d, 400, 471, 402, 405, 49%, 400, 
hoy, O2E, G22, 466, 627, 62x, GLY, 
6.4), TO4, TO, TO6, T25, 
altered, 620, 650, 706, 707, 
altered micaceous, 475, 
ultered quartz, oS. 
Auyitic, bs, oth 
chlontic, 77, 70%. 
chloritic hornblende, 707, 
decomposed, 650. 
Micaceous, 464. 
porphyritie, ot, 
quartz, 626, 620), 
Diorite-gneiss, 652. 
“greenstone, 49, 
-porphyry, 69, 706. 
esclist, 1. 
-schist, chloritic, 4%. 
ewacke chloritic, vtd5 
Dioritice schist, 467. 
Dipping compass, 244. 
Dipping needle, 245, 244, 281. 
use of, L4-247. 
Dips of needle in passing magnetic belt, 
246, 
Disintecrated ochrey hematite, 549. 
Distriets, Lake Supenor, Eastern, 1. 
Lake Superior, Western, 34. 
Menominee lron Region, 429. 
Upper St. Crux, Jot. 
Sub-districta — 
Clam Falls, 399, 412-415. 
Numakagon, 3u)-4Ul 
Paint river, 451. 
Pine river. 451. 
St. Croix Fails, 399, 415-423. 
N. St. Croix, 309, 424-423. 
Sturgeon nver, 451. 
Totagatig, 3u9, 491-412. 
Dividing ridge, 512. 
Divisions of quaternary deposits, St. 
Croix region, O%4. 
Dolomite, 54, 60%, 612-615. 
coarse red. O13. 
siliceous, 615. 
siliceous rosy, 613. 
salmon-colored, 059. 
Fenokee region, 2709. 
Dolomite marble, 638, 561, 593. 
gray fine grained, v6 1. 
mottled pink, 553. 
Dolomitic limestone, 250. 
Douglas County, 9, 10, 15, 16, 23, o4, 59, 
172, 198, 2U7, 36, do7, 367. 
copper range, 306. 
nunes, Fond du Lae, 357. 
Pereival, 357, 361. 
Prehistoric, 358, 
Wisconsin, 307, 360. 
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Drainage system, FE. Lake 8. dist., 80. 
W Lake S, dist., JUS, 
St. Croix duwt., S72. 
Drift, boulders, limestone, 388, 389. 
deposits, 2ZE1, bo3, dsl, 
direction of movement, 352, 370, 382. 
Dnnn's Camp, 41. 
Dykes, Jul, db, Jd5, 406. 


FE. 


Eagle Bluff, Osceola, 396, 097. 
Fagdle Island, 73, 76. 
Kugle Mine, 492, 503, 505, 506, 683, 684, 


4.0. 
rocks, 481, 
Eastern Lake Superior District, 51. 
altitudes in, T6-S0. 
Apostle Islanda of, 61-72. 
artesian wells in, SS. 
Bavheld highland of, 61, 69. 
coast features of, 70. 
drainage system of, 80. 
tield work in, 54, 56. 
former surveys of, 97. 
Huroman of, 1Q0-160. 
interior of, OL. 
Keweenawan of, 167-206. 
Laurentian of, 92-99. 
lowland area of, 61-09. 
mountainous belt of, 61, 62. 
topography of, 60, ¥1. 
veyetation and soils of, 89. 
Eau Claire lakes, 14. 
Earthy purple hematite schist, 562. 
Eclogite, see Eklogite. 
Economic considerations, 394. 
copper series, 2U4-2U6, 339, 304. 
Economic geology, 93, 152-163, 203-206, 
_ 209, 210, dba, 394, 667-687. 
importance of magnetic attractions, 
GAD. 
Edward, Capt. Jas., 360. 
Lklogite, 626, 545, 596, 649, 
Eklogite schist, 105, 118, 119, 123. 
Elevations, 31v, 313, 314, 315; see, also, 
ALTITUDES. 
of Lake Supericr sandstone, 351. 
of Kaytield peninsula, Job. 
Ellwood Mine, 493. 
Embarrass River, 388. 
Emmerton, F. H., do0. 
Emmett Mine, 667. 
Enclosures, fluid, 249, 255, 268, 600, 602. 
hahte, 255, 268, 600. 
saline. 721. 
carbonic acid, 600. 
English Lake, 55, 68, 100, 104, 144, 145, 
146, 147, 179. 
Epidote, 607. 
ae frequently mentioned on pp. 365- 
D> 


Equivalency of Huronian strata, 447- 
« 


of M arquette and Penokee Huronian 
regions, 163-166. 


748 


Erosion of St. Croix basin, 367-370. 
post glacial, 375. 

Eruptive rocks, 7, 8, 16. 
See COPPER-BEARING SERIES. 

Enrite, 659. 

Eur eka, Tp., 80. 

Explanation of negative dip, 246. 

Pe pencates in mining, 3o7f-dvY, 360, 


Extent of Huronian basins, 447. 


I. 


Fault at Penokee G: D, 150, 152. 

Fay, Geo. A., 4:33, 458 

Feisitic ‘porphyry, 190, 192, 193, 195- 
19% 


Feldspar, 601, 
frequently mentioned in rept. on S&, 
Croix dist., 395, 42%. 
also in rept. on Menominee iron re- 
gion, 431-7534. 
method of determining. 30. 
Feldspathic chlorite-schist, 485 
Oss, 647. 
chloritic schist, 711. 
gneiss, red, 957, 
greenstone schist, 492. 
Serene rock, 472, 473, 644, 703, 
U6 
hornblende-schist, 642, 643, 644, 707. 
altered, 643, 705. 
mica schist, 576, 6:36, 696. 
Ferruginous actinolite schist, 619. 
argillaceous shale, 386. 
cherty schist, 456, 
chloritie slaty-schist, 710. 
clay-slate, brown, 4 6 
crystalline limestone, 014. 
granite, ol4. 
greenstone, 493. 
qnartz-schist, 490. 
schist, kaolimie, 590. 
banded, 715. 
siliceous schist, 487. 
Field work, 54-56. 
Figures, list of, 000. 
Fine- grainel chloritic greenstone, 486. 
dolomite marble, o61. 
gneiss, O63, 
granite, 031. 
hematite schist, 537, 
inagnetic ore, O91, 502 
Fish creek, 71, 309, 
Fisher, H. D., 490, 582, 590, 679, 683. 
Flag iron ore, 465, 715. 
actinolitic, 07. 
Flaggy mica schist, 494. 
Flag river, 16, 32: 
Flambeau river, G1, 87. 
trail, 61, 87, 149, 168, 178, 189, 190. 
Fond du Lac, 16, 19, 
mine, oe, 309, 
Formations of Western L. Superior 
Dist. "9 Odd. 


of8, 


INDEX. 


Formations — 
Brooks & Wright, Menominee region. 
Bed I, 439, 441. 
I], 439, 441, 508. 
me 439, 447. 
IV, 439, 447, 
V, 4. 0, 447, 
440, 447, 


447, 520, 729. 
O02, 727, 728. 
oul, 727. 
, 479, 481, 487, 803, 508. 
447, 456, 470, 480. 
441, 447, 454, 455, 456, 470, 
480, 482, 493, 725, 
447, 454, 470, 471, 472, 478, 
4X2, 493, 444, 724. 
distribution, 454. 
447, 470, 478, 479, 482, 493, 
494, 495, 497, 724. 
447, 492, 469, 478, 494, 495. 
distribution and character, 453, 
XX, 446, 447, 452, 469, 472, 719, 724. 
general description, 451, 
See, also, HURONIAN. 
Forest trav eling, 306. 
Foster and ar nieney sreport, 19, 20, 51, 
a2, 
Four Foot Falls. 457, 580. 
section of, 475. 
Frog creek, 409, 410. 
ay, 72. 


G. 


Gabbro, 6, 8, 10, 12, 15, 22, 29, 31, 37, 39, 
40), 41, ido, 147, 148, 167, 168-182, 


474, n63. 
special eens 3), 37, 168, 182. 
hornblende, 39, 463. 


uralitie, 31, ee 9. 
range, 67, 68, 91, 

Galena, 558. 

Game, L. Superior dist., 329. 

Garnet, 60%. 
rock, 995, 699, 

Garnetiferous actinolite schist, 596. 
chloro-mica schist, 491, 579, 699. 
magnetite ore, 715, 
mica schist, 4%, 727, 

. quartzite, 614. 
rock, oL6. 
Huronian series N. of Penokee Gap, 
240), oul, 
Geology of ge Lake Superior region, 
) 9 =. ms, 
Western Lake S. region, 304-363. 
Menominee iron region, 429-74. 
Upper St. Croix dist., 364-427. 

Geological, formations L Sup. dist., 330. 
cross section Penokee Tron Range, 24%, 
distribution of rocks, Menominee dist., 

438, 


INDEX, 


Geological hi-tory of the LL. 
troneh, Jo, 

atmicture of oe Wisconsin, 3. 
(dlacial dvift, 211, 335 

Rhetion, 1. Superior Ait: 

St. Croux valley. O70, 

maths or xtiie, 892, G82) 9 

410, 415, 422) 407. 

Movements Woof T. Superior 22 
Glacier of x. W. Wisconsin, 353, re 
Ceneiss, 5, 6. UO, S$, 9 98) fo 96, 99d DO8, 

Woe, Poo, Pee a, Bb’) fy Avo, 
OL, Sb, Ob, GUO, OO, Gad, 

Qe n.d, 

Lasts. 48. 402, 3% 

bnotite, erat? a a , 

chloritie, 6, 245, fen, 

gramitie, ooh, od, 

rretniitord, so, 

fociblentle: 4.50, 661. 

‘hvdro-mieaecous, 4738, 

nnead, 4055, O75, 544, 662, 690, 

porphyritie, 641, 706, 

protevane conglomerate, 450, 

pyrititerous biotite, acu, 

quart zose, 4055, 

red feldspathie, AT, 

genieite, 40, 44, O05, 

slaty. 464), 

aVvenitic, Av. 

Gneisses, Penokee rezion, 249, 

(sneissic slate chlorite, 475. 

Grnomon, 242. 

Govebie Lake, 19, 20, 22, 23, 163, 164. 

Gogogashugun River, 56, 66, 67, 87, 88, 
YS, 116, Lod, 162, Pes, Is4, 15, Tsy, 
1), 

(sold and silver in Breen mine, 669, 

Granite, 5, 6. 11, 13, 20, 85, 93,46, 108, 

ae a 147, Loe, 167, 168, 171, 

174, 179, 181, 195, 197, 212, 400, 
472, Re O31, O60, 61Y, bo, 716, 
T17, 720. 

aplite, 619. 

blackich tine-grained, 531. 

ferruginous, O14, ov. 

hornblende, 662. 

upper or voungest Huronian, 452, 469, 

719, TO), 
Granites, Hnronian, 2 255, 300. 

Laurentian, 7 1obd, 

Menominee region, 452, 469. 

Penokee region, 248, 2s2. 

Granitie porphyry, 178, 195, 
Granitoid gneiss, oo. 
Granular limestone, 593, 611, 692, 

magnetic ore, oo], 

Granulated biotite schist. 

chlorite slate, 495. 


316, 
412, 


Granuliferous specular-iron schist, 537, 


o 4. 

Graphitie schist, 484. 

Gray black hornblende schist, 497. 
fine grained dolomite marble, 561. 
hornblende-schist, 497. 
gneiss, 474, ol 
granite, oJl. 
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Sup-nior ' Gray quartz conelomerate, 


quartzite, micaceous, 499, 
mottled: uaessive, 400, 
Gravish-white HUAECZARG, Ou, 
Greeley's Camp, 27% 
Green porphyry or serpentine, O10. 
Ccreenish quartzite, O12, 
Greenstone, Zo, 450, 454) 455, 456, 497, 
470, 482, 456, ols, OT, 
range, om, 
dhavram of greenstones, 519, 
Wpliamitie, 455, 
chlomtie hornblende, 473, 
ferruyinous fine vraimed, 493, 
fine grauned chiloritie, 456. 
Greenstone schist, ly5, 144, 
4, 
feldspathic, 492. 
fine peraimed, 400. 
pryritiferous, 45, 
Ccroovings, glacial, see GLACIAL STRILE. 
Ccumbel, Dr, 624. 
Gurley, WL & Lb. E., 244. 
Gaull [sthand, 73, 74. 


231, 486, 


II. 


Hagerman, J." Re 666, 672, 
Hall, James, - 
Halsey, N., 4 ‘ 
Hard magnetic ore, 952, 
slaty chlorite schist. 497. 
Hardwood timber, 258, 259, 264. 266, 
!67, 26S, 277, 27Y, 220, 2A, 377, USI. 
Hausmann, 622. 
Hay meadows, 379-381. 
Hematite, 500, 501, du2, 505, 590, 610, 
685, 684, To. 
hard, 715, 
disintegrated ochrey, 544, 049. 
Magnetic siheeous, O45, 
manganiferous ochrey, o44, 
red. ow. 
gpecular, 04. 
shale, earthy purple, 562. 
slate, soft purple, oUU. 
-schist, 491, 557. 
magnetic brecciated, 502. 
ochrey, 6 o-n), 
Hemlock bark, 32%. 
Island, 7. 
Hermit's Island, 74. 
Heyward, A. A., 353. 
Heyward, Mrs., Jo. 
Higgins’ Island, 75. 
History and_ description of copper 
mines, Douglas Co., 308. 
Hodge, James T., at. 
Hogan, Thos,, 508. 
“Hole in the Wall,” 411. 
Holopea Sweeti, 3U6. 
Hornblende, 65. 
diorite, 707. 
chloritic, 707. 
Bae 10, 19, 39, 147, 170, 177, 179, 
80. 
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Hornbliende, gneiss, 
631, 702, 722. 
garnetiferous, 721. 
porphyritic, 632, 707. 
greenstone chloritic, 473. 
mica schist, 577, 655, 70:3. 
Hornblende rock, 137, 222, 497, 506, 
524, 541, 542, 547, 585, 586, 640, 
641, 644, 691, 702, 703, 729. 
altered, 704. 
black, 490, 497. 
chloritic, 704. 
coarse, 407. 
diagram of, 524. 
ee 472, 473, 644, 703, 706. 
Penokee region, 202. 
porphyritic, 703. 
slate, 497. 
slaty schist, 701. 
schist, 21, 479, 484, 494, 497, 567, 596, 
640, 641, 642, 643, G44, 645, 691, 
696, 697, 698, 700-702, 708, 710. 
diagram of, 524. 
altered, 643. 
black, 479, 572. 
calcareous, 640, 714. 
chloritic, 70U. 
feldspathic, 641, 642, 644, 700, 
707. 
pray, 497. 
micaceous, 547, 564, 587, 642. 
quartzose, 017. 
magnetic, 992. 
quartzy, 701, 702. 
Hornblendic biotite-gneiss, 474. 
biotite schist, 484. 
pneiss, (22. 
schist, 459, 525, 645, 661. 
syenite, d07. 
Hornstones, 510. 
breccia, 572, 656. 
Houghton, 71. 
Houghton Point, 71, 72, 210. 
Hudson’s Bay, 388, 359. 
Hulst, Mr., 463. 
Hunt, T. Sterry, 500, 529, 532, 504. 
letters on iron-bearing rocks, etc., of 
L. Superior, 657. 
Huronian basin, area of, 449. 
Huronian rocks, 4, 11, 13, 18, 19, 55, 57, 
66, 85, 100-166, 167, 168, 171, 172, 
175, 178, 189, 192, 194, 212. 
see, also, HURONIAN SERIES. 
general summary of, in L. Superior 
region, 6. 
of the St. Louis river, 17, 354. 
unconformability of, with Keweenaw- 
an, 21, 22. 
of ae L. Superior Region, 160- 
66 | 


age of, 7, 19. 
economic geology of, 152, 163. 
formation, I, 100. 
, 103. 
IIf, 112. 
IV, 118. 
V, 136. 


INDEX. 
6, 94, 97, 43), 530, { Huronian, formahon ve 137. 


II to 1X, 138. 
X to XII, 139. 
XIII, 140. 
XIV, 141. 
XV to XVIII, 142. 
XIX, 144. 
XX, 144. 
XXI, 145. 
lithology and stratigraphy of, 103. 
stratigraphical synopsis of, 1. 
thickness of, 10:3. 
equivalency with Marquette series, 
163-166. 
Menominee region. See FORMATIONS. 
of vegion west of Penokee Gap — 
formation 1V to VI, 259. 
VII, 1X and XI, 251. 
Vill and X, 252. 
XII to XV, 253, 
XVI to XIX, 254. 
Huvonian series west of Penokee Gap, 
210-301, 330, 399, 434, 435, 437, 
439, 65%. 
introduction, 240. 
dipping neeale and solar compass, and 
method of employing them, 245-247. 
geological cross sect:on of Penokee 
iron range, 248-26. 
special examination Penokee iron 
range west of the gap, 297-301. 
Huronian slates of St. Louis R., 334. 
thickness of, 447. 
Hyde, Capt. Welcome, 677. 
Hydrographic features, 316. 


Hydro-mica, 473. 
trap, 02d. 
if 
Igneous rocks, 390, 391, 393. (All the 
Keweenawan crystalline rocks 


(which see) are regarded as igneous. ) 
Illustrations, list of. 
Inclusions, carbonic acid, 600. 
fluid, 249, 255, 20x, 600, 602. 
halite, 225, 268, 600. 
saline, 721. 
Index, alphabetical, to rocks of Typical 
Suite, Brooks’ Coll., 534. 
to specimen numbers, rocks of Me- 
nominee region, 730. 
Indian reservation, 69. 
Instructions, letter of, 53. 
Interior lakes, W. Superior district, 317. 
Introduction, general — 
to report on E. Lake S. dist., 53. 
on W. Lake 3S. dist., 305. 
on region W. of Penokee Gap, 241. 
on Menomince Iron Region, 431. 
on Upper St. Croix dist., 365. 
Iron belts, Menominee region, 432. 
south, 462. 
Iron Mines — 
Marquette region — 
Champion, 682. 
Ishpeming, 682. 
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Iron Mines — (continued). 
Marquette region — (continued). 
AC intlipcis te. 
Menominee reqiaon— 
Dieen, 667. 
Bivatung, 708, 
Commonwealth, 481, 483, 505, 
Oo, 

Curry, 671. 
Cyclops, trl. 
Kayle, O83, O86, 
Baaainett, 607, 
Keyes’ Pant, 456. 
Norway, Ol, 
Siavinaw, O¢b, 
fee 2 Od, 406, O82. 
Vulean, 669, 670, 
New Valean, O71. 

Iron ores, 6, f4. 55, 56, 119, 1822, 133, 

Liv, 152-103, 165, 401, 459, 067-687, 


My 
classitication of, 500, SOL. 
diagvrain of, od. 
origin of, 464, 671. 
actunolitie Hag. ome, 
Hay, 463, 404, O00, 
granular specolar, 597, 
specular, see SpeECULAR ORES. 
Iron River, 16, 2oT, 208, 325. 
fronton trail, 55, 56, 176, 190. 
fronwood Island, 7. 
Irving, R. 0,1, 29, 51, 257, 263, 509, 
316, 446, 448, 449, 400, 403, ou7, 
SLL, 531, 93, o¥y. 
collection, 44, 
Ishpeming mines, 622. 
Islands Rapids beds, 497. 
Isle Rovale, 1%. 
Ives, Frank, 322, 324. 


J. 


James Bay, 382. 
Jaspers, 510. 
Jasper schist, 506, 615. 
banded, d71. 
Jaspery schistose specular iron, 599. 
Jenny, F. B., 59, o&, 463, O41. 
Julien, Alexis A.. 57, 107, 122, 136, 159, 
140, 146, 16%, 173, 176, 224, 438, 
4533, 515, 51Y, 520, 605, 614, 619, 
G46. 
frequently quoted in Maj. Brooks’ re- 
port, 431-099. 
Junction of Potsdam and Keweenawan 
formations, St. Croix Falls, 417, 418. 
of Superior sandstone and Keweenaw 
rocks, Douglas county, Jt5-J-4. 


K. 


Kalkowsky, Dr., 606, 621. 
Kaolinic ferruginous schist, 490. 
Kaukauganp, Lhe, 05, 71. 


~y 
cr 
— 


Kettle moraine, 915. 
St. Croix dist. O79, 38h, 
W. Lake Supenor dist., dod. 
range, 212, 4. 
river, 1S, 306, 427. 
“ Kettles,” elevations of, 314. 
Kerr, Prof, 555, S61, O82, 604, 
Kersantite, 472, 474, 400, 4u4d, 519, 522, 
eA 597, 
Keweenaw Bay, 60. 
beecds, SON, 
Pont, & 9, 19, 20, 23, 60, 168, 172, 
176, Ds4. 204. 
Keweenawan rocks, 4, 6, 16, 18.56, 100, 
led, Jas, Dado 147, 149, 158, D6e- 
20, 207, BOS, SOL, See, also, AEWEE- 
NAWAN SERIES, 
age of, 19. 
classification of, 29, 
nonconfurmability with Huronian, 21, 
ve) 
Lake Superior sandstone, 22, 25, 
Potsdam sandstone, 417, 413. 
lithology, system of, 29, 49. 
ot the Eastern Lake Superior district, 
167-206. 
economic geology of, 203-206. 
lithology and stratigraphy of, 1¢1- 
167, 
Keweenawan series, location and de- 
scription, 830, 391, Ju9, 4uv, 4U1, 
416, 417, 418, 454. 
Keweenawian, 660. 
Keweenian, 660. 
Keyes’ Lake, 451, 679. 
Paint mine, 486. 
and Fisher's location, d80, 582. 
Kimball, C., 359. 
Kinds of rock, Huronian, 447. 
Menominee region, 457, 
King, Clarence, 336. 
Kloos, Prof., 37, 421. 
Knight. Fred J., 453. 
Knup, Dr. A., 617. 


L. 


Labradorite, 30, 31. 
Lacustrine clays, 212. 
Lake Eliza, 431, 445, 481, 485, 504, 679. 
rocks of, 455. 
Hanbury, 400, 461. 
Komon, 679. 
Long, 3&4. 
Loon, 431, 679, 729. 
Superior, 367, o6%, 
fluctuations in level of, 516. 
origin of, 316. 
purity of water, 317. 
region of, 369. 
temperature of, 317. 
sandstone, 4, 5, 10, 163, 167, 207, 
03, B00, 
in Kk. Lake 8. dist., 207, 210. 
in W. Lake S. dist., 350-333. 
econonuc geology of, 15. 
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Lake Superior, summary description of, 15. 


of the Woods, 389. 
Lakes, 378, 380. 
of Barrens, ord. 
drift, 375, 
of Kettle moraine, 375. 
of Upper St. Croix dist., 374. 
of Western L. Superior dist. . ob, 
without sa ee ae 38D, B86. 
Laketon, 'I'p., 
Landscape, Bo 
Lapham, I. A., 51, 54, 154, 306, 431, 432 
Lapis Hebraic us, Guz. 
La Pointe, 72. 
Laumontite, 400. 
also frequently noted in report on St. 
Croix district, SHIA, 
frequently noted in report on W. L. 
Superior district, 336-550. 
frequently noted in report on E, L. 
Superior district, Li YUL. 
Laurentian rocks, 4, 5 13, 19, 92-99, 
101, 106, 107, 103" 116, 150, 152, 
153, 181, 193. 
age of, 5, 19. 
see, also, LAURENTIAN SERIES. 
of K. Lake S. district, ‘12-99. 
summiury description of, 8. 
of Michigan, 661, 6633. 
Laurentian series, 248, 330, 
4344, 435, 443, ‘G9, 133. 
Leaf Hills, Minn., BS). 
Letter of transmittal, T. B. Brooks, 430. 
T. C. Chamberlin, iii. 
C. k. Wricht, G66. 
Leucoxen, 624. 
Lignite, St. Croix district, 338. 
Leihy’s Mill, 2v2. 
Lime, 398. 
sane ere 104, 106, 107, 108, 226, 511, 
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boulders, 388. 
argillaceous, 511. 
conglomeritiec, 511. 
crystalline, oll. 
ferruginous crystalline, 574. 
granular, 093, 611. 
Lower Magnesian, 397. 
micaceous, ol], 594, 612. 
siliceous, 911, 503, 612. 
Limonite, 500, 501, 502, 506, 610, 618, 684. 
actinolitic, 61%. 
Limonitic quartz schist, 544. 
Lincoln county, 61. 
Tp., 379. 
Lingulepis pinnaformis, 397, 417, 418. 
List of institutions to which suites of typ- 
ical rocks from L. Superior region 
were sent, 5:35. 
of rocks fonnd in Keweenawan se- 
ries, 31, 44-49. 
of trees and shrubs of L. 8. dist., 329. 
pe eee lates, xxv. 
Lithology of Huronian system, 103, 500, 
600, 603,609, 690. 
of the Keweenawan system, 23, 29, 
49, 397. 


v09, 409, 


INDEX. 


Lithology of the Menominee region, 690. 
outline of work in the E. Lake S. 
dist., 56. 
of crystalline rocks of St. Croix re- 
gion, 421. 
Little Potato River, 54, 137. 
Little Quinnesec Falls, 442, 
Local details, Keweenawan series, Doug- 
las Co., 340, 350. 
E. L. Superior dist. 
Menominee region, 451. 
St. Croix dist., 809-42%. 
Logan, Sir W illiam, 21, 22, 23. 
Long Lake, 13, 83, 384. 
Lone Portage trail, 496. 
Loon Lake, re 31, 679, 729. 
Loraine, ‘I'p., 379. 
Lower Huronian, Menominee region, 439, 
Lower Maguesian limestone, 373, 346. 
Lower Silurian, 433, 454. 
Lowland area, 69. 
Luck, T'p., 380. 
Lucy "Furnace Co., 687. 
Lumber, 327. 
Luster mottlings, 33, 402. 


M. 


Macfarlane, 658. 
Madeleine Island, 72, 73, 74. 
Madison sandstone, 396. 
Magnetic attractions, 260, 264, 265, ae 3, 
276, 277, 278, 279, 29, D1, 2S 3, 
ON, 480), "482, 4x6, 634, O86, 7: 25,72 
source of, 6%, 
belts, 118, 150, 151, 153, 486, 684. 
Magnetie actinolite schist, 483, 485, 55%, 
D&S, 639, 640, T15. 
anthophyllo-actinolite 
669. 
aucite, 277. 
breeciated hematite schist, 532. 
mica-schist, 070, 630, 711. 
mica slate, 540. 
ore, 285, 729. 
fine-grained, 591, 502. 
garnitiferous, 715, 
granular, vol, 
hard, 352. 
siliceous, 715. 
quartz schist, 050, 
siliceous schist, S41, n433. 
Magnetites, 500, 501, 502, 503, 610 
ilso often noted, pp. 249-289. 
also in copper bearing So 400-423. 
Muagnetite schist, 274, 6 
actinolitic, 617, 699. 
chloritic, 540. 
Maguetitic quartzite, 102, 105, 118, 119. 
slate, 11%, i 26. 
pyritiferous, 479. 
schist, 6, &4, 102, 105, 118-156, 150. 
Malachite, 401, 403, 405-409, 414, 415, 
419, 422 427, 
Manganiferous ochrey hematite, d44. 
anthophyllitic schist, 559. 


schist, 


INDEX. 


Maniton Island, 7. 
Marble. 20, 285, 465, OTE OTE. 602, 
bed TV, Penohkee meygon, 2d, 
bomdelery, 442, 
dolomite, 485, 272, 
stheeansa, O70, O72, O94, 602, 
Marinette Co., 667, 
Maringouin or Marengo River, 55, 64, 
ti SSH GE, YO, Ld, dad, bas, do, 
Jit, ee SN, 
fill deseription of, Sf. 
Marhings, see Gaenun, 
Marl, st. Crow dist. O77) O88, 
Marshes, 276, 278, 270, 572) 577, Ost, 
| pper St, Croix, oad. 
Marshland. Tp., o72. 
Martite schist. 55, 
Marvine, AL Ri 2 
Mashheg Fork, =. 
Mianvaise River, 31. 
McClellan, 71. 
MeRKenney, TE A. 559, 
MehKinlay, Robt. 455. 
Melaphyr. 8,9 LO, 15, 18, 20, 25, 24, 38, 
41, 42, 919, 
frequently mentioned, pp. 809-428, 
deseribed, 2a ol, ov. 
altered, os, 41. 
distribution, SOL, 
Menaceanite, 249, 264, 265, 266, 
Mendota beds, St. Croix dist, OO, 
Menominee iron mines, 666, 657, 
orer, 666, O87, 
rane, 667, 
extension of, T19-T4. 
Menominee iron region, veology of, 451- 


der. 
introduction, 451-456. 
Huronian series in general, 457-459, 
deseription of Huronian series, 459. 
comparison of the Menominee Hue 
ronan with other repions, 447449. 
local details, 401-497, 
mineral compositions, transitions and 
assocrations of Afenominee rocks, 
44ers, 
description of typical rocks, 033- 
HO, 
microscopical studies of Turonian 
rocks of L. Superior (Wichmann), 
Go-656, 
appendix A, letters of Dr. Hunt, 657- 
OHO. 
B, sketeh of Laurentian 
rocks of Mich.. 661-665. 
economic resources of, GH7-659. 
lithology (Wiight), 690-718, 
western and southern extension of 
Menominee region, 719-74. 
Menominee region — 
Lower Huroman, 459-4141. 
Middle, 441, 405. 
Upper, 441-444, 476, 
Menominee Mining Co., 671, 672, 687. 
Menominee River R.R., 673, 
Method of employing dipping needle and 
solar dial compass, 243. 


Vor. IT— 48 


Mica, 60.3, 

pease, 473, GAL, 

relist, OTT, Yo. 108, 105, 11, 145-119, 
Jus, Wey Wa, Tout, vol) ded, 4-0, 
Air O27, oO) Gd, G05, GU, UO, 
('H), 

cileareoiya, CM. 

chlorite, 6°6, 695, 709. 

feldspathie, 606, 

Havurv. 44, 

parnetiterons, 495, 

hornblende, O77, 655, 703, 

Masnetie, 1%, Gio, C16. 

quartzose, 4g, 

staurolititerous, HAA, 695, 


Mica slate, boo. ba, 1oy, Lal, 142. 


Mavnetie, O40, 
trap, or Kersantite. See RERSANTITE, 


nT, 


Mieaceous arvillite, 253. 


chiastolite schist, ao. 

Chioritic sehist, O84, G48, 696, TOS, 
slaty schist, 710. 

conglomerate schist, 590, 

daabase, 48, 

dhorite, 4M4. 

hornblende sehist, 547, 564, 587, 642. 

Iron schist, 553, 554, 

quartz slate, Ao0, 
schist, 40, 549, 617, 

limestone, 544, 612, 

quartz schist, 654, 592, 614, 692, 604. 
Penokee region, Jos, 2u2, Loo. 

quuirtzite, 406, 

quartzose conglomerate schist, 475, 

401, 
slates and schists, 254. 
Microchne, 30, 
Microlites, 600, 
Michigan Island, 73, 74. 
Microscopical observations on rocks — 
by Allpert, interspersed on pp. o2590, 
by Hawes, interspersed on pp. oi-o09, 
by Irving, interspersed on pp. LUT-232. 
by Pumpelly, 29-43, 
by Rutley, interspersed on pp. 5983-599, 
by ‘Tornebohm, interspersed on) pp. 
wee ee ID, 

by Wichmann, 600-656, and inter- 
spersedon pp. ang-500, 

by Wright, 690-718, and interspersed 
on pp. 2or-30L, T0-TS2. 

Microscopieal descriptions of — 
actinolitic himonite, OLS, 
actinohtie schist, of 7, 987, 659, 698, 

O09, 78, 
ferruginous, 619. 
gurnetiferous, 5&6, 
Magnetic, Ho, oes, 639, 640, To. 
quartzy, 700, 
amphibole rock. 697, 
chloritie, 69%, 
anthophyllitic schist, manganiferous, 
ood, 
anthophyllo-actinolite schist, 5&8, 609. 
aphilite, 619, 
argillite micaceous, 254. 


INDEX. 


Microscopical description of — (con.) 


augen gneiss, conglomeritic, 598. 
micaceous, 07%, 640. 
augite-schist, micaceous, 578, 645. 
biotite schist, granulated, O98. 
black slate, 226. 
brown wacke, 079. 
calcite, 6.8. 
carbonaceous slate, 560, 654. 
chert schist, 615. 
chiastolite-schist, micaceous, 548. 
chlorite, 607. 
chlorite-gneiss, 536, 633 
chlorite-schist, 557, 565, 640, 646, 697, 
710, 711, 713. 
actinolitic, 589, 648. 
feldspathic, 048, 588, 647. 
micaceous, O84, 648, 696. 
quartzose, 6-47. 
chloritic diorite, 708. 
quartzite, 591, 615, 692, 693. 
schist, 708, 709. 
quartzose, 710. 
arenaceous, 710. 
caleareous, 711. 
feldspathic, 711. 
slate, 712. 
pyritiferous, 712, 713. 
chloro-argillaceous slate, 714, 717. 
chloro-quartz schist, 272 , O86. 
chloro-inica schist, 579, 695, 
chloro-siliceous schist, O51, 
conglomerate schist, 596. 
mucaceous, 555. 


os O42, 574, 650, 711, 712, 713, 


carbonaceous, 654, 715. 
bluish-gray, 650. 
crystalline limestone, 574. 
diabase, 31, 32, 37, 88, 40, 41, 42, 43, 
a + 37, 260, On4.” M17, 560, 569, 
, 625, 627, 697, 69%, 704, 
gilera 41, 921, 629, 106. 
decomposed, 564, Oto, O84, 626, 
627, 706. 
hornblendic, 267. 
pseudo-amygdaloid, 38, 41, 42. 
quartz, 626. 
uralitic, dX. 
diorite, 141, 173, 174, 226, 251, 265, 
268, 269, 283, 284, 286, 2x7, 289, 522, 
066, 622, 629, 650, Td, G08. 
altered, 630, 707, 
augitic, 38, 39. 
decomposed, 630, 
porphyry, 629, 656, 714. 
diorite- gneiss, O82, 
dolomite, 6Us. 
coarse red, 613. 
salmon colored, 539. 
siliceous, 6133. 
tremolitic, 275. 
dolomite-marble, 538, 561. 
dolomitie limestone, 250, 275. 
eklogite, 645, 596, 649, 
schist, 123, 124. 
feldspar, GUL. 


Microscopical description of — (con. ) 


feldspathic gneiss, 537. 
ferruginous schist, 715, 
flag iron ore, 097, 715. 
gabbro, 10, 35, 37, 39, 40, 41, 173, 174, 
ae 176, 178, 180, 18], 182, 183, 223. 
37 
garnet, 608. 
garnet rock, 595. 
changed, 699. 
garnetiferous quartzite, 614. 
gneiss, 95-99, 5U9, 631. 
porphyritic, 631. 
sericite, 595, 633, T17. 
granite, 147, 255, 282, 288, 300, 575, 
619, 716, Aree es 
granitic porphyry, : 
ranular limestone, 593, 611, 692. 
ematite, S80, 610, 715. 
schist, kaolinic, 553. 
magnetic brecciated, 552. 
ochrey, 500. 
hematite shale, earthy, 562. 
hornblende, 605, 
hornblende dionte, 717. 
chloritic, 707. 
gubbro, 38, 177, 179, 180. 
neiss, porphy ritic, 632, 707. 
hornblende- ale 137, 252, ’ 988, 505, 
ox6, G41, 702, 703. 
altered, 704. 
chloritic, 704. 
feldspathic, 703, 706. 
hornblende schist, 586, 640, 641, 642, 
643, 644, 645, 696, 697, 648, 700, 
701, 702, 708, 710. 
black, 542. 
caleareous, 645, 714. 
chloritic, 700. 


ae 642, 643, 644, 704, 


magnetic, 092. 
micaceous, 587, 642. 
quartzy, 702. 
hornblende slaty-schist, 701. 
hornstone breccia, 572, 696. 
jasper-schist, 506, 615. 
jaspery-schist, 000. 
ersautite, ov7. 
labradorite, 30, 31. 
limestone, 107, 22.. 
dolomitic, 250, 275. 
ferrugincus crystalline, 574. 
granular, 593, 611, 692. 
micaceous, 094, 612. 
siliceous, 612. 
limonite, 61%. 
actinolitic, 618. 
magnetite, 610. 
mugnetic ore, 552. 
” tine- -grained, oul, 502. 
granular, 551, 
siliceous, 715, 
magnetic quartz-schist, arenaceous, 
v)). 
magnetic-schist, 253. 
magnetite-schist, 617. 
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Microscopical description of — (con.) 


chloritie, O40. 
quartzose, O17, 
Tmagnetitie “qusurtaite, 109, 
nlite, oer, 
martite-schist, O20. 
melaphye, 9, 35, 08%, 41, 42. 
altered, os, 
porphy ry, 421, Se 
mica, GOS, 
hues gneiss, O76, O59, O81. 


mniea schist, 145, 146, 147, 148, 149, 
aL ri vid, o 4, 6.5), 605, 


G5, 606, TOL 
actinolitic, 617, 699. 
calcareous, 646, 
chiortie, 606, 605, TO9, 
feldspathic, 1b, a6, 646, 
hornblende, “4 7. Gy TO, 
magnetic, O77, a, O30, TT. 
quartzose, 0), 
quartzy, 702, 
staurolitiferous, o°9, 699, 
mica-slate, magnetic, O40, 
micaceous-iron schist, 05:3, 54, 
micaceous schist, feldspathic, 262. 
mica slate, 158, 140, 229. 
mMauwnetic, vA. 
muscovite, 60.4, 
novaculite, 659, 654. 


ochrey hematite, disintegrated, o1f4, 


OA, 
mianvianiferous, 44. 
ochrey hematite-schist, 050, 
ochrey schist, quartzuse, 003, 
olivoclase, ou, 31. 
olivine, 607, 624. 
orthoclase, 601, 625. 
ph llite, Go4, @12, 
plumbaginuus se hist, O82, 716. 
Biiiceous, 710. 
porphyry, Ltn. 
green, o@0). 
non-quartziferous, 40. 
quartz, AO. 
porphynite, of, 509, 
porpayrite gneiss, O31, 706, 
protogine conglomerate, o61. 
pyrite, 611. 
pyroxene, 600, 
quartz, 600. 
quartz conglomerate, 692, 
greenish, a2, o¥4. 
quartz diabase, 626. 
altered, Sk5, 626, 
quartz diorite, 583, 629. 
quartz porphyry, 40. 
quartz schist, 143, 144, 664. 
actinohtie, 615. 
arenaceous magnetic, 550. 
chloritie, 254), 
limonitic, OH. 
magnetic, 614. 


micaceous, 254, 258, 262, 266, 


3.4, O02, 614, 693, O94. 
micaceous-iron, 010, G4, 617. 
specular, 697, 


Microscopical deseription of — (con.) 
quartaz-shate, micaeecous-iron, 000, 
quartzite, 142, 20, G14, 692. 

brownish pray, 038, 
chloritie, SOL, Ga2, 693, 
fine-prained, greenish, d42. 
gaurnetiferous, O14, 
micaceous, O14. 
Quart zose selust, Of68, 
arenaceous, 695, 
chloritie, 604, 
taley, O45, 
apecular, 697, 
roofing slate, O60. 
sandstone, 2UU, 201, 207, 208, 592, 
G50, Gob. 
sericite gneiss, 595, 632, 633, 717. 
BEliist, Hob, O86, 66, TIS, TIA. 
serpentine, mM, ow, O17, OLS, TLS. 
siliceous dolomite, 613, 
hmestone, 612, 
murble, 602, 
schist, 616, 
magnetic, 41, 543. 
slate, 114, 115. 
specular iron schist, 551, 553, 554. 
granuliferous, 037, 504. 
gpecular schist, quartzose, 563. 
staurolitife ee mica-schist, 69o. 
syenite, od2Z Zee 20, 62). 
gneiss, OZ, 632 2, 102. 
tale, 604. 
tule schist, 566, 648. 
magnetic, 64%. 
talco-chlouritic schist, 711. 
slaty-schist. 712. 
talcose schist, 713. 
taley quartzose schist, 695. 
tourmaline, 609, 
tremolite, 604. 
tremolitic dolomite, 275. 
uralite, 617. 
uralite diabase, 238. 
gabbro, v8, 3¥, 172, 173, 174. 
viridite, 62:3, 
zircon, 609. 

Middle Falls Totogatig: niver, 406. 

Middle Huronian, Menominee region, 44l. 

Middle River, 16, 17, 321. 
range, 213. 

Middletown, 380, 

Mines and mining operations, 357, 427, 

(+. 
Mines, Copper, sce CoprerR MINES. 
Iron, see JRON MINEs. 
of Ashland and Douglas Cos., 805, 865, 
Mineral composition, etc.. of rocks from 
Menominee region, 48. 
“Mineral indications,” 405. 
Mississippi valley, ace of, 370. 
Montreal region, U4, 
river, 0, 7, 12, 14, 16, 22, 23, 55, 56, 
ot, 60, bd, 67, 6S, 70, 71, 81, 86, 90, 
91, 100, 102, Lud, 131, 152, 143, 163, 
168, 171, 178, ist, 185, 139, 19%, 
199, v1, 202, 205, O12, 

full description of, 86. 
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Monoclinal ridges, 403, 411, 412. 
Montalban, 65, 66. 
Moose Creek, 324, 358, 386, 424, 426. 
Moraines, 212. : 
L. Superior district, 354. 
st. Croix district, d84, oso. 
Moss, petritied, 374. 
Mottled quartz conglomerate, 509. 
gray quartzite, 4:0. 
argillite, decomposed, 529, 
pink, dolomite marble, o28, 
Mount Whittlesey, 114, 115, 126. 
Munroe, Mr., Juv. 
Murray, 65%. 
Muscovite, 603. 


N 


Naumann, 637. 
Needle, dipping, use of, 247, 257. 
Negative dip, explanation of, 250. 
Nemadji River, 519. 
Nemakagon Tist., 399. 

Lake, 22, 56, 80, 118, 136, 163, 

299, 2UR, ST, DR. 4. 599, 400, 

River, 15, x0, Ott, 378, os§, 399. 
Newberry. J. S., ae 
Newton, W. H., 321. 
Nickel, 345. 
Nicodemus, W. J. 0L.. vit. 
Noncontformability, 250, 255, 256, 
Non-quartziferous porphyry, 40. 
Norman, BP. 1., 59. 
North American Fur Co., 358, 559, 
North St. Croix Dist., 424. 

Twin Island, 61. 

Wisconsin R. RR. 38 
Norway Mine, 504, 671, ee 
Norwood, Dr., 61, ee ne yi), 
Novaculite, 6. 114, 538, 559, i 4. 
Numbering of Acie im beds, Ave, 
Numakagon, see NEMAKAGON, 


164, 


O. 


Oak Island, 73. 75, 
Ochrey hematite, 044. 549. 
maneaniferous, 44. 
Ochrey schist. argillaceous, 455 
chloritie, 486, 
hematite, 650 
quartz, 457. 
quartzose, 558 
sericite, 4&6, 
Oconto County, 490, 451. 
Odanah, 55, 
Ododawanonon River, 589. 
Oligoclase. 30, 51. 
Olivine, 607, 624, 
gabbro, 174, 
Ontonagon region, 394, 595. 
Oolitie structure, 254. 
Opinike River, &3. 
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Ore deposits and mines, L. Superior 
dist., 357, 
Ore of Breen-Quirnesee Range, 464. 
ongin of iron, 671. 
actinolitie fag-iron, 495, 597. 
fine-grained magnetic. 502, 597. 
gimetiferous magnetite, 715, 
granular magnetic. dol. 
hard magnetic, 002. 
hematite, oU0. 
Paint mine, 486. 
red iron, 492. 
siliceous magnetic, 715. 
Origin, of Lake Superior trough, 4. 
"of phosphorus in iron ores, 681. 
Orthoclase, 601, 623. 
frequently noted on pp. 249-289, 399- 
428, 
Osceola, 373, 374, 380, 396, 416. 
mills, 374, 415, 
Otter Island, 75. 
Onter Island, 75. 
Owen, D. D., 22, 58, 1535, 154, 207, 522, 
B49, 347, 448, 
Owen's Report, 588, 452, 352. 
creek, 72 


a 


Paint Mine ore. 486. 
Paint River, 404. 
section of, 492. 494. 
Parenthetical numbers explained, 58. 
Par ker, A. A., do, 
Peat, : oe 1, 387, 
Peminee Falls, 453. 
Pendleton’s Camp, 299, 
Penokee fault, 10-152. 
grap. of, 2), 96, G6, Gu. RO, 94, 106, 
Jos, 109, 114, 119, 1233, ‘134, 1b, 
157, 159, 140, 150, 248, “HM, 
Penokee [ron Mine, 66, 1: how eT, 
rainee, 6, 54, 55, 56, G1, 62-67, 82, 84, 
RE, SS, 89, 90, 9, Lol, lo, 114, 
118-136, 157, 145, 150, Ld, 155, 
172, 2I2, ek. 

full topographical description of, 62-67. 

magnetic belt of, LIS-136. 
Percival, J. G., Sol, 

mine, B97, Ob, 

Pericline law of twinning, 602, 622. 
Petrified moss, 574. 

Petrosilex, 659. 

Phosphoras, 672, 622. 

origin of, In iron ores, BSI. 

See ANALYSES OF TRON Ones. 
Phyllite, o-, 654, 
Pigeon Lake, 401, 
Pine timber, 27y, 
Pine Lake, x7. 
Pine River, ss, 445. 

section of, 477, 

district of, 451, 
Pipestone, 117. 
Plagioclase, 51, 602. 
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Plagioclase angite rocks, 29. 

ervsolite, UU, 

Plumbacinous schist, os2, 656, 716, 725 
726, 724, 

Plumbasco Mine, 457. 

Polar'’s location, 451. 

Polishing, glacnid, os. 

Polk County, S67, 300, os b, 389, 

Poplar River, 522, 

section, fee. 

Porcupine Mts.. 19) 198, 272. 

Porplivery, Ub. 12. Pet) Pst, P82, 188, 1-6, 
Isa, P00, bee, es) bye, vie, Sod, 

abwise, JO, 
claovit 6 Ol, 
telsitie, 0, 40, 
red, 38.59, 
erreeny, org Od, 
hon-qrartziferena, 40, 
quart ziferous, 4d. 
epiartz, 40, 
Porphy rite, o08, 500, 
Porphyritie gneiss, 657, 
plagioclase ane.te rock, 20. 

Portage Lake, vod, 

Post Lake Dam, 704. 

Post Glacial erosion, St. Croix dist., 375, 
SG, 

time, 379, 

Potato River, 12, 55, 76,65, 67, 68, 838, 84, 
G7, dos, 116, bu, Pod. 162, 177, 1s, 
1s7, 1U6, us, dos, ivy, 200, 2u2, 
END, 

Potash Kettles, 9312; see also KETTLES 
and MoratNts, 

Potholes, 515, 387, 

Potsdam sandstone, 569, 373. 

St. Croix dist., 005, 416, 417, 418, 427, 
4us, 
relations to Keweenaw rocks, 416-419. 

Prairies, St. Croix dist.. O76, 

Prairtes returning to forest, 376. 

Prairie fires, agency of, 376. 

Preface, v. 

Prehistoric mines, 358, 

Presquisle Vd, 7%. 

Previous examinations, 153, 215-223, 
vUG, 

Prospects, 529. 

Protogine conglomerate, 361. 

Pseudo-amvgdaloid, 9, 1U, 31, 52, 186. 

dhabase, O&. 41, 42. 

Puuipelly, Prof. R., vi, 4. 8, 9. 10, 19, 
Yn, 29, Ob. 57, 163, 169, 176, 177, 
171), IST, P82. 183, IS4, 1°6, 187, 18s, 
1n9, 191, 1, 837, Sas, 866, soe, 
Ain), 407, 454, 459, 461, 465, 466, 
467, ALY, 22. 609. 

on lithology of Keweenawan system, 
ee 

Pumpelly's Hill, 487. 

Pyrite, 502, 400, 427, 611, 

Pyritiferous biotite gneiss, 530. 

schist, o2%, 
chlorite slate, 712, 713. 
greenstone schist, 430. 
Pyroxene, 6U5. 
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Quartz, 600, 

frequently noted, BA4-428, 
Quartz-conglomerate, of, 692. 

Vihek, nn 

Chiortte, OO, 

pray, oh, 

greenish, O12, O82) OOF, 

miotthead, oa, 
Quartz-diabase, 626, 

altered, O85, O26, 
Quartz-liorite, os 3, 625, 

STEN ACeCOUS TALE tIC, O00. 

Danced, 454. 4500 

landed saceharoidal, 487. 

ferruganous, 400, 

ochrey, 47. 
Quretz-porphyry, 11, 187. 

black, Oty, 

red, Og, 

Quartzless porphyry, 1%. 
Quartz schist, 6, 1@4, 121, 142, 150, 163, 
OS, Hib. 

actinolite, 615. 

chlomtie, G06, 

limonitie, O#4, 

mrignetie, G14, G48. 

Micacegus, 446, 004, 592, 614, 693, 

Og, 

Micaceous iron, 40, 49, 617. 
Quartz-slate, micaceous tron, 9900. 
Quartziferous porphyry, 415. 
Quartzite, J. 20,Judb, loo, Cus, 116, ; 

ylls, 119, 125, Lak 142, 100, 164, 

“190, 454, 460, 461, IG 467, 4s 

ay we 5ux, 5UY, O12, 613, GLA, 
ee ae 


diagram of, 508, 
bed Vo Penokee dist., 250. 
bed XIV, Penokee dist., 353. 
occurrence in Sturgeon KR. dist, 508. 
arenaceous, 4838, 992, 
brownish gray, oo, 
chloritie, O91, 615, 690, 693. 
girmetiferous, 614. 
gravish white, 50U, 
light brown, ouy, 
magnetic, 614. 
micaceous, 490, 414, 
Massive gray, 490. 
white, pulo 
Quartzcse rocks, 50, 690, 692. 
Quartzose schist, 693. 
aremaceous, 656), 
chloritic, 647, 694, 696, 697. 
chloro-taley, 405. 
conglomeritic, 401, 596. 
magnetic hornblende, 592. 
magnetite, 617, 
mica, 655, 
ochrey, 9%. 
specular, 503, 697. 
taley, 69, 
Quartzy actinolite schist, 700 
hornblende schist, 7U2. 
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Quaternary deposits, E. L. Sup. dist., 
v, 251. 


St. oon dist., 382. 

W.L.S. dist., 359. 
Quinnesec Falls, “442, 

remion of, 72. 

Little Q. ‘falls, 442. 

mine, 667, Git: 67. 

village, 674. 
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Railroad survey to Commonwealth 
mine, 682. 
Raindrop i TEE SSIONS; o94, 425, 
Randall, Dr., 153 
Ranges and tow ns, sce Towns. 
Raspberry bay, 72. 
island, 76. 
Red chalk, 505. 
Red Cliff Bay, 72 
Red dolomite, 613. 
felsitic porphyry, 24, 38, 39. 
Relative ages of eruptive rocks, 36. 
Resemblances between series of rocks in 
Lake Superior region, 449. 
Reservoirs, water, 372. 
Rice Island, 75. 
Rich, W. W., 6¢. 
Richthofen, Baron v., 56, 196. 
Ripple marks, 394, 425. 
Rivers and creeks, W. Lake Superior 
dist., 31%, 
Roches moutonees, 92, 93, 211, 212. 
Rocky Island, 75. 
Rominger, Dr.. 23 24,512, 529, 562. 
Roofing slate, 335, 569. 
Rosenbusch, H. a 194, 604, 607. 
Rosy siliceous dolomite, 613. 
Ratley, F., frequently quoted in Maj. 
‘Brooks’ report, 455-009, 


S. 


Saddle, 391. 
Saginaw Mine, o71. 
Sahlite, 606. 
Sampling for analysis, 155, 
Sand Bay, 72. 
Island, 72, 76. 
Portage series, 442, 469, 471. 
Sandhergen, 609. 
Sandstone, 11, 12, 14, 15, 17, 18, 20, 167, 
Is4, 188, 190, 199- 3, 207-210, 
406, 407, 434, 459, 461, 465, 592, 
616, 655, 656, 669, 673. 
of Copper- ‘bearing series, or Kewee- 
nawan, 339, 349, 300. 
analysis of, 350. 
local details, 340. . 
Lake Superior, 311, 390, 551. 
age of, 351. 
disturbed, 341, OA. 
Potsdam, 369, 395, 397, 416, 417, 418, 
419, 427, 428. 


San:lstone — (continued). 
Silurian, 461, 465, 
conglomerate, 424, 425. 
Sargent, Gen. G. B., '3D9, 361. 
Jas. O., 359. 
Saussurite, 563. 
Schalstein, 731. 
Schists, 691. 
actinolite, 4853, 485, n25, O77, O87, 596, 
699, 700, 723, ( G2, 732. 
actinolitic chlorite, 58 os9, 648. 
anthophyllitie, 58. 
arenaceous magnetic quartz, 555. 
argillaceous, 461, 485, 487, 500. 
banded specular iron, 550. 
black hornblende, 572. 
calcareous chloritic, 710, 731, 752. 
chert, 615. 
cherty, 485. 
chloritic, 4 454, 456, 470, 471, 485, 490, 
497, 540, 557, 565, 583, TOR, 709, TS. 
chloritie arenaceous, 66, 710. 
chloritic biotite, 413. 
chloritic ochrey, 486. 
chloro-actinolite, 727. 
chloro-argillaceous, 467. 
chloro-taley quartzose, 455, 
feldspathic chloritic, 439, a48, O85, 
710, 711. 
hornblende, 641, 645, 644, 707. 
mica, 976. 
ferrnginous siliceous, 487. 
garnetiferous actinolite, 525, 596. 
chloro-mica, 579. 
granular, specular-iron, 554. 
granulated biotite, 5Yx, 
greenstone, 459, 439, 406, 492. 
hematite, 537, 617, 
hornblendic,_ 467, 469, 470, 479, 497, 
O67, O72, ON, 640, 642, 644. 645, 
661, 696, 501, 18, 710, 723. 
mica, 377. 
quartzose magnetic, £95. 
hydro- “Magnesian, OU. 
hydro-miea, 527. 
jasper, 006, 571, G15. 
caolinic hematite, 503. 
macnesian, 406. 
magnetic actinolite, 487, 525, 508, 588, 
oY6, 617, 639, 640. 
anthophyllite, O88, 669. 
brecciated hematite, 552. 
siliceous, 541, 543. 
magnetite, 595, 616, 617. 
manganiferous anthophy llitic, 559. 
marute, 530. 
nica, 460, 467, 484, 526, 556, 558, 
003, 517, 579, 634, 696, 730. 
micaceous augite, 578, 645. 
chiastolitic, D435. 546. 
chloritic, 572, 589, 647, 703. 
conglomerate, 491, 555, 
hornblende, 547, o64, O87, 642, 
727, 728. 
iron, 5-40, 553, do4, 617. 
uiartz, 540, 554, 592, 609. 
plumbaginous, 716. 
pyritiferous chloritic, 712, 713. 
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Sechists — (continued). 
quartz, 487, ass, $00, 491, 510. 
qunirtzose, 69 , 
quart 7ose airemaeeona, G8, 
chloride, O47, Ob, TL, 
convlomenite, ao. 
ochrey, 
kpecular, sihiey 
sericite, fl, 46, 5765, 
shiiceotusd, 469, Of, G16, 
AN he OG, 
specular iron, abd, oof, 93, 
statrolitiferous maed, vo. 
tale, O60, 84s, 
taleose, ah. 
tauleo-chlomtie, 710, 711. 
taley quiartz se, 605, 
tremiolite, 4555, O20, 
“See, $2. Mine, 4-0), 50$, 508, 197, 
Sections, Big Quinnesee Falls, 472. 
Commonwealth and Late 
ier 4~). 
B-B.. 400. 
drift on St. Louts river, 395, 
Four Foot and Twin Falls, 475 
Islands Rapids, 47, 
Little Quinnesee Falls, 469, 
Lower Bruiv, Michi, inte and Paint 
rivers, A-A., 402 
B-H.. 44. 
Pine and Poplar rivers, A-A., 477. 
BOW, ats, 
C-C., 479. 
Sand Portage and Devil's 
Sedimentary rock, 40, 
See SANDSTONE and Siar. 
Sericite, oO, 
gneiss, 629, 595, 6933, 717. 
schist, 4612. O80, 600. 715, TA. 
Serpentine, 456, 5352, o68. o7U, GIS, TL. 
Shatts, cost of sinking, 360, 
Shale, 11, 12, 14, 160. Is4, 190. 
She drake creek, 400. 
Shippmg ores, 667. 
Shipment of ores, 667,671, 672, 676. 
Siliceous dolomite, 613. 
limestone, 612. 
marble, 670, 672. 674, 692. 
magnetic ore, 715. 
slate, 84, 9%, 105, 112-118, 159. 
Silurian sandstone, 461, 465. 
of Pine River distriet, 404. 
Silver, 201, 206, 058, 597, 
in Breen Mine, 660. 
on Montreal river, 2OL, 205. 
creek, 09, 192, 195, 17, 2U5, 212, 358, 
OUT, 
Sioux, 72. 
Siskowit creck, 323. 
lake, 315. 
river, 16, 
Slates, argillaceous, 486, 514, 81. 
blackish-gray mica, ae 9. 
2, Go4. 


carbonaceous, bY, ot 

chiastohtic, 596. 

chloritic, 473, 486, 490, 491. 712. 
chloro-argillaceons, 714, 717. 
clay, 431, 042, o81, 600, 712, 715. 


Ld 4 
eos, 


or), 656, TIE. 
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Mines, 


Gut, 469. 


Slates — (continued), 
hematite, O62, 
Magnetic meca, olf 
DHeaceous Chav, Oss 
pyrititerous, 712, 
Fone, obo 
Reriecite, 45.5, 

Slaty-sehist, clileritie, 799, 
ferragainous, TL, 
Tiederous, TE, 


Slickensides, S60, 423, 427, 
Slough of Grundy, 407, 


Snake River, ou 42 t. 
Soils, analy -is of, Gy. aN 
vf W. Leake Sup vor dist, 825, 
chav, O25, 
anes 36, 
line, 
red qnarly clay, 325, 
sandy, 
of Upper st, Croix, dist., 205, 
ot barrens, O75, 
of prames, 316, 07 
of townships, Jat-3e9, 
Solar compass, 2s 1, 
Sorby, G19, G50, Bax, 
Special examination, Penosee iron rang: 
Ve. of Gap, 257. 
Specimens, alphabetical index to, typical 
suite, ood. 
numerical index to, Menoniunee coll.. 


We 


ond, 

Speenlar ores, HHS, 669, O79, 671, 672, 673, 
676, OF7, O79, OST, 683, Cod. 

Spread Eagle Lake, 4 

Springs, 374. 

Spruce swamps, 2917, 877, 

Spurr-Michigamme range, 517. 

St. Croix distriet, upper, 564-422, : 
falls, sub-district, 4), 415-42 3. 
north, sub-distriet, JuY, 424-425 

St. Croix Falls, 3 v. 
drift in vieimty of, 825, 

St. Croix mineral springs, 374. 
analysis of water, o74. 

St. Croix River, 7, 14, 15, 18, 19, 23, 
SO, 315, 023, 367, JOS, BOU, 570, BTL, 
3a2-Aex, 

elevation of soure?, 315, 
basin, 067-000. 
ave of, 370. 
origin of, 370, 
St. ah River, 16, 17, 19, 25, 505, 319, 
1, oss, 

Steamboat Island, 73, 76, 208. 

Stockton’s Islaud, jo. 

Stockton, John, 57. 

Stratigraphical order of Turonian serics, 
43, 

Streamless area, he 


o>, * 
syty, 


in ty, 


Streng, Prof., 19, 36, 37, 421, 
Strise, 401, 412 mAs. 422, 426. 


Strong, Moses, 15, 24, 29, 41, 198, 305, 
re 365, 366, 311, 377, 3899, 416, 
» 
collection, 41. 
Structural planes, noticed in bed XIV, 
453. 
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Stuntz, Geo, R., 309, 317, 338, 358. 
Sturgeon Falls, 455, 
river dist., 492, 4452, 
Sub-districts ‘of St. Croix district, 399. 
Subdivisions, iron ore rocks, oVQ. 
Sulphur in iron ores, 678. \ 
See, also, ANALYSER. 
Superficial deposits, 4°3. 
see, also, DriFT and GLACIAL. 
Superior Lake, see LAKE SUPERIOR. 
Surface features, Upper St. Croix dist., 
BUT, 3 (, onl. 
origin of, 371. 
W. Lake S. dist., 311, 
Survey, U.S. government, 289, 292, 
Swamps, 312, 377. 
Nee MARSITES. 
Swedish needle, 243. 
Sweet, E. T., 15, 16, 17, 23, 29, 42, 45, 
o&, 69. 196, 2OS, 303, 565, 872, O84, 
386, 393, 397, 424, 464, "562, ase, 
OY, 591. 
report on W. Lake Superior district, 
503-561. 
collection, 42. 
Swenson, Magnus. 69. 
Syenite, 26%, 523, 582, 620. 
gneiss, AS, G22, TOL. 
hornblendic, AGT, 
Synclinal, 516, 567-369, 483, 484, 724. 
of Wes Wisconsin, 18, 21, 167, 196. 
2U1, 


T. 


Table, of contents, ix. 
collectors’. and descriptive numbers, 
Menominee rocks, 712%. 
equivalency of Huronian strata, 447- 
449, 
formations Western L. Superior dis- 
trict, 333, 
Menominee strata, 447. 
timber estimates, Menominee region, 
OHSx, 
Tale, 604. 
Tale-schist, 515, 566, 648. 
magnetic, O48, 
Taleose schist, 529, 713. 
slates, 454. 
Taleo-chloritie¢ schist, 711. 
slaty-sclust, 712. 
Talcy quartzose schist, 695. 
Tamarac swamp, 220, 372, 377. 
Tanbark, 32x. 
Tate's Island, 7). 
Taylor's Falls, 416, 418, 419. 
Terraces, L. Superior dist., 306. 
Terranovan, 657, 608, 660. 
Temperature, 324. 
of L. Superior, 317. 
cae of Huronian rocks, 103, 445, 
4 
Timber, of SU Upper St. Croix dist., 
SY Y, odd 
Menomince region, 688, 689. 
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Timber — (continued). 
of W. Lake Superior dist., 327. 
of Penokee Range, 258, 259, 263, 264, 
266, 267, 26%, 271, 272, 278, 279, 
250, 281, 284, 285, 286, 293. 
Time, Post Glacial, 379. 
Titanite, 610. 
Titanic iron, 503. 610. 
Tobin, James, 489. 
Popossuphy, of kK. L. Superior dist., 60- 


W. i Superior dist., 311, 315. 
Upper St. Croix dist., 307, 
glacial, 371. 
minor, 370. 
Tornebohm, 624, 638. 
frequently quoted in Maj. Brooks’ re- 
port, 534, 590. 
Totogatig district, 491. 
river, B78, 386, BYY, 
Totogatig-once, 404, 495. 
Tourmaline, 600. 
in clay slates, 651-653. 
Towns. Ran mes East. 


T. 33, R. 12, rate 
T. 33, R. 14, 755. 
T. 33, R213, 795, 
T. 33, R.15, 735, 
T. 83, R. 16, 735, 
T. 335, R. 17, 73, 
T. 33, R. 20, 735, 
T.: 3h Rs. 13, 14, 15, 16, 17 and 18, 


TB. 

T. in, R19, 733. 

T. 36, Rs. 19 and 20, 723, 734. 

T. 36, Re 22, 69s, 599, 73. 

17, 595, 6H, 

, 20, 758, TB. 

. 21, 453. 

; . 17, 474, 477. 

T. 38, R18, 477. 

T. of, R. 19, 472, 474, 619, 626, 703, 

704, mve 

T. Be R. 2), 409, 472, S84, 586, 597, 
632, 633, 641, 643, 697, TU0, 703, T04, 
TO, 707, TON, TiO, 711. 

T. 88, R. 21, 452, 493, 455, 595, 629, 
630, G41, T17. 

T. 59, R. 14, 720. 

T. 39, R. 16, 587, 689, 721. 

T. 39, R. 17, 443, 454, 481, 491, 520, 
577, 80, S82, 586, 592, 596, dY8, 632, 
63-4, 685, 693, 604. BY}, 696, 699, 700, 
701, TU2, 122, 023 3, (24, 727, 729. 


T. 359, R. 18, 452, 481, 487, 504, 580, 
HM), 617, 631, 634, 639, 640, GAR, 


650, 694, 646, 697, BUS, 699, 701, 
710, 714, 715. 

T. 39, R. 19, 440, 475, 645, 646, 648, 
G54, 693, 697, 704, 711, 712, 715, 


T16. “ 
685, G88, 724, 726, 


T. 40, R. 16, 432, 
Tl, 
T. 40, R. 17, 456, 481, 483, 486, 509. 


514, 22, a, D29, 927, O78, As, 
OU6, 597, » 659, 6X, BSR, 692, 
645, 698, a 702, 103, 712, 713, 


716, 726, 120, 730. 
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Towns, Ranges East — leon.) Towns, Ranges West — (con.) 
Pod, ROD, fia, asd, asa, fee) STS, Peat, ROT, ees, dou, 


ast es oS SH OW OG, OED, To 4l, Robe vs, 
(W060 b, OF, B85, 697, B48) Fol, To al, Ro, vy 
Tt TT, Tes, TD, Tie, Tha, Tho, To 4h, Roda oo 
TlH, Tb, Too, Tod i Royo, v9 
To do Rb doe, ATT, 658, G44, 6 bs, 1 RIG bse 
606, GOT, FOU TE TIE, 715. T if RK. ST 
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Poko, Rode, say To 42, R138, 370 

Tos, REG, ose T. 42, RL 15, 425, 426 

Tod Ro DS, oa Toa, Rede. ay 

Toa, Redo, tle, 422 Te do, Re 6) ood, 

Toot, Roa ao To. 45) Ro 7, 2u5, 2a7, 208, 299, 300, 
5 ae 7 
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Towns. Ranges West — (con.) 

T. 48, R. 16, 314, 355. 

T. 48, R17, 354, 356. 

T. 49, R. 4, 315. 

T. 49, R. 5, 3813, 

T. 49, R. 6, 813, 354. 

T. 49, RB. &, 813. 

T. 49, R. 9, 313, 323. 

T, 49, R. 14, 315, 

T. 49, Ro 16, 355, 

T. 49, R. 17, 319, 

T. 0, R. 4, 313. 

T. 50, R. 5, 813, 354, 

T. 00, R. 6, 312, 313, 349, 351. 

T. 50, R. 7, 513, 34s. 

T. 50. R. 8, 815. : 
Transitions and associations of Me- 

nominee rocks, 493, 

of iron ores, diagram of, 501. 

Trappean rocks, frequently noted in re- 
ro on Upper St. Croix dist., 365, 
i 


Trapper’s Lake, 294. . 

Traps, 391, 399-423. All Keweenawan 
igneous rocks are commonly called 
traps. 

These are mainly diabases. gabbros, 
melaphyrs, porphyries, and the amyg- 
daloidlial varieties of these, which see. 

Travertine, 373, 39%. 
Tremolite, 60-4. 
schist, 497. 
calearcous, 453. 
micaceous, 497. 
Trout, 30. 
Tschermak, Prof., 602, 695, 613. 
Tuta, 374, 407, 
Tolluck, S. W.,. 59. 
Tuttle, H. A., 490, 505, 679. 
H. B., 679. 
Twin Falls, 444. 
section, 470. 
Two Rivers, oss. 
Tyler's Fork, 54, 55, £6, 65, 67, 88, 86, 
102, 107, 115, 129, 145, 149, 154, 
176, 179, 184, 185, 1sb, 187, 197, 
198, 205. 
full description of, 86, 
Typical rocks, Huronian, description of, 
533-009, 
suite, alphabetical index, 534. 


U. 


Underground mining, 673. 
University, collection, 37. 
state, 58, 09, 145. 
Unstratified glacial deposits, L. Su- 
perior district, 252. 
Upper Huronian, Menominee region, 441. 
Upper, aa Croix District, geology of, 
3H . 
altitudes, 371, 372. 
Archean floor, 390, 391. 
Clam Falls sub-district, 412-415. 


INDEX. 


Upper St. Croix District — (con.) 
detailed descriptions of local forma- 
tions, 899-428, 
drainage, 372-374. 
drift deposits, 384, 589. 
drift movements, 382, 383. 
general descriptions of rock forma- 
tions, SYU-30R, 
introduction, 365, 365. 
Keweenaw or Copper-bearing series, 
SUL-305, 
lakes, 374-375. 
Lower Magnesian limestone, 397, 898. 
Nemakagon sub-district, 399-401. 
N. St. Croix sub-district, 42442. 
post-glaciat erosion and deposition, 
B87, Be. 
Potsdam sandstone, 395-397, 
soil and vegetation, 375-380. 
St. Croix Fails sub-district, 415423. 
topography, 367-371. 
Totogatig sub-district, 401-412 
Uralite, 617. 
Uralitie diabase, 31, 38. 
Bae J1, 38, 99, 172, 173, 174, 181, 
Oy: 


V. 


Vanhise, C. R., 59, 143. 
Vanderventer’s Creek, 71. 
Vaughn, S., 300, 3855. 
Vegetation and soils, 89. 
by townships, St. Croix region, 377. 
Veins, 359, 61, 362, 412, 414, 415, 423. 
Vermillion Mine, 677. 
Vibratious of needle, 246. 
Viridite, 623 et seq. 
Vogelsang, 619. 
Vulcan Mine, 452, 461, 463, 669, 670, 687. 
New, 671. 


W. 


Wacke, brown, 575. 
chloritie diorite, 575. 
Wakefield, Geo. A., 485. 
Wall, Samuel, 398. 
“ Wani-baju’s Blacksmith Shop,” 403. 
Wapler, Herr, 478, 522. 
Warren, G. K., 370. 
Water reservoirs, 372. 
of Upper St. Croix region, 373. 
West Sweden, T'p., 380. 
Western Lake Superior Dist., Report 
on, 305. 
altitudes, 312-315. 
Champlain deposits, 355, 356. 
climate, 324. 
copper bearing series, 336-340. 
drainage, 317. 
general geological structure, 330-334. 
how and where to search for copper 
deposits, 362. 


INDEX, THe 


Western Lake Superior Dist.— (con.) 
Huroniun slates of St. Louis K., dot 
om HD, 
Introduction, 505-309, 
Like Superior sandstone, O02, 
Likes, S16, 
local detaila, 340-350, 
moraines, Kettle munige, Oo$-355, 
ore deposits, o7-Ge, 
quaternary deposita, o02 5° 
rivers and creeks, old O24. 
KOs, SloOmb27, 
surface features, OTL, 
termmaiees, 56, 
thinber, 327-5499, 
topouraphuical relations, O15, 
Whalen'’s Dam, dod, do, 
Whitehead, Capt.. 403. 
White River, 14, 55, 69, 83, 202, 202, 
fall deseription of, S33, 
Whitney, J.D, 1 2), 
Whittlesey, 19, v2. 58, 84, 153, 14, 
uo, Zo, 807, O54, 42, 490, O79. 
avnopsis of his work, 215-223, 
Whittlesey’s Mount, 4, 65. 
Wichmann, Dr. A. 45, 403, 454, 459, 
Aur, fon, elo, ols, a2, ool, 
frequently quoted in’ Maj. Brooks’ 
Rept., 451-999, 
Wichmann'’s report) on 
rocks, 64) 659, 
Wicht, O. W., 46, 507, 
Willis Camp, ver, 
Wilson's Island, 7-4. 293. 
Winchell, Alex,, 657. 
Windfall, 261. 


iron-bearing 


Wing, Mr. 399, 

Winthrop Mine, 652. 

Wisconsin Central RL R., 54. 61, 63, 65, 
0, 77, SL, so, 89, YI, 150, luv, ele, 
wht. 

Wisconsin Copper Mining aud Smelt- 
Ine Co. oon, 

Wisconsin Mine, 357, 260, 

Wolf Creek, oss, 

Woad, BP. B., Os, 

Wright. C. EB. 96. 66, 106, TES, 122, 126, 
Vy, 84, 165, 7948, id eae a 
Od, 450, 40, 405, 401, 476, 477, 
4i8, 455, 40, o00, Of2, S¥L, O38], 
oH, 666, ONT, 

report upon Hrroniin series west. of 
Penokee Gap, 245 Sod. 

lithology of Menominee region, 640- 
ave 

western and southern extension Me- 
nominee range, T1U-Tok. 


Y. 


Yellow river, 380, 330. 
lake, Oso, 
York Island, 76. 


Z. 


Zeolite minerals, 457. 

Aircon, 609, 

Airkel, Dr., 455, 600, 601, 692, 609, B11, 
G15, GLY, 620, G21, 624, 68, 690. 
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